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ON  THE  KEACllON  O^?  R'lHYL  A'^TD  METHYL  ALCOHOLS  ■'/TTH  PAPA- 
DIAZO-K  ETA-TOT;UENE-.^.UL^HO"^IIC  ACID. 


INTPODUCTION. 
Since  it  became  known  that  the  statement  of  Hriess  to 
the  effect  inat ,  when  diazo  compoands  are  boiled  vvith  alco- 
hol, the  decumposition  products  are   nitrofren,  atdehyde,  and 
a  substance  formed  by  the  replacement  of  the  diazo  proup  by 
hydrop-en,  was  not  at  all  general;   but  that  in  some  cases, 
the  ethoxy  proup,  and  not  hydrc^en,  enters  into  t;ie  connpound^ 
various  efforts  have  been  made  to  determine  the  conditions 
that  decide  which  of  these  t  .vo  reactions,  known  as  the  al- 
koxy  and  nydro/ren  reactions  respectively,  will  take  place. 
V/ork  vvas  done  in  this  laboratory  on  the  influence  of  pr-es- 
su'^e  cind  temperature  on  the  '"eaction,  and  it  was  shown  that 
increase  of  pressure  and  simplicity  of  tiie  alcohol  radical 
favor  the  alkoxy  reaction. 
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Metcalf,  in  studyinp;  the  I'eaciion  of  certain  alcohols 
with  para-diazo-meta-ioluene-3Ulphonic  acid,  showed  that, 
when  the  diazo  compound  is  decomposed  in  alcohol,  both  the 
alkoxy  and  hydrogen  reactions  take  place,  the  forriier  ."ireat- 
ly  predominating,  thou^^h  the  ratio  chan^-es  somewhat  with 
varyin>T  conditions  of  temperature  and  pressure.   A  few 
yea^^s  later,  Reeson,  ii  his  inresti'^at ions  on  the  action  of 
certain  diazo  compounds  on  netnyl  and  ethyl  alcohols,  car- 
ried ov.   in  this  laboratory,  havinr  discovered  the  fact  tfiat 
the  presence  of  an  excess  of  alkalies  and  of  son-e  other 
substances  determined  the  hydrogen  reaction,  it  was  thou^^ht 
desirable  to  stady  similar  reactions  in  the  case  of  T^ara-^ 
diazo-meta-toluene-sulphonic  acid . 

PPEPARATION  0?  PAT^A-DIAZO-kETA-TOLUENE-SULPHOMIC  ACID. 

As  a  startinrr  point,  ihe  para-toluidine-meta-sulphonic 
acid  of  corrmerce  was  taken.  This  was  a  lif^ht  brown  po.vder, 
sli'^htly  soluble  m  cold,  readily  soluble  in  boilin/r  water. 
After  boilinp:  with  animal  charcoal,  two,  or  at  the  most, 
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throe,  r-ecrysta]  ]  izat  ions  /^ave  a  pure  white  product,  separ- 
ating from  the  solution  in  prismatic  needles.   By  addine:  a 
little  Hydrochloric  acid  'vith  the  animal  chat^coal  to  the 
boiling  solution,  the  first  crystallization  yielded  a 
nearly  white  product.   100  "'rams  of  the  crude  material 
yielded  85  g'rams  of  the  pure  acid. 

Pechmann,  who  obtained  para-toluidine-meta-sulphonic 
acid  by  treating;  para-t oluidine  with  fuming  sulphuric  acid, 
describes  the  product  as  of  a  sulphur  yellow  color  which  it 
was  impossible  to  remove,  and  Metcalf,  who  followed  the 
same  method  of  preparation,  speaks  of  the  difficulty  of  ob- 
taining^ the  acid  in  a  pure  wliite  condition. 

The  pure  white  para-diazo-meta-ioluene-sulnhonic  acid 
thus  obtained,  was  finely  pulverized,  and  diazotized  by 
suspendin":  it  in  alcohol  of  9?/f  and  treatin"-  it  with  a 
stronr  current  of  nitrous  fumes,  produced  by  the  action  of 
nitric  acid  on  arsenious  oxide,  m  the  manne)'  described  by 
r.'etcalf,  and  with  substantially  the  same  results. 

100  Trams  of  the  acid  were  suspended  in  30  cc.  of  al- 
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cohol,  and  the  nitrous  fumes  passed  throu-^h  the  errulsion 
for  thirty  rrdnutes.   The  action  was  very  slow  at  first,  but 
soon  increased  as  the  mixture  wa>"rned  up.   The  alcoiiol  took 
on  an  oran  -e  color  whicli  deepened  to  a  dark  brownish  red 
shade.   The  diazo  compound  was  of  a 'light  pink  tint,  and 
settled  readily  to  tiie  bottom  of  tne  flask  after  shaking, 
while,  on  Llie  other  hand,  the  alcohol  with  the  suspended 
acid  would  remain  milky  for  some  tinie.   This  rapid  set- 
tlinfj  1.0  the  bottom  was  taken  as  indicative  of  the  comple- 
tion of  the  reaction.   The  diazo  compound  v/as  filtered  off 
by  means  of  a  filter  pump,  washed  with  a  small  quantity  of 
alcohol,  and  some  ether,  and  then  dried.   The  yield  in  this 
and  subsequent  experiments,  approached  closely  to  the  theo- 
retical amount,  never  failinrr  below  '^b%.      P,ome  of  the  diazo 
compound  dissolved  in  the  alcohol,  and  on  standin^^,  crystal- 
lized out.   The  compound  when  dry,  keeps  for  months  in  the 
dark,  but  exposed  to  the  li'^ht,  it  slowly  ta-^ns  "ellow.   It 
is  very  stable,  and  small  nortions  }-.ave  been  "-round  in  a 
iT.ortar  without  explodin";. 


DEC0J.1P0SITI0N  OF  PATRA-DIAZO-META-TOLUENE-SULPHONIC 
ACID  r-I  I'ETHYL  ALCOHOL,  IN  PRESENCE  OT   VARIOUS  '^UFr/rANCES . 

I.    I^  presence  of  sodium  methylate.  -  In  80  cc.  of 
pure  methyl  alcohol,  rediotillecl  over  lime,  5  rrrams  of  r.et- 
allic  sodium  were  dissolved.   The  solution  of  sodiuirt  methyl- 
ate  was  then  placed  m  a  beaker  in  a  freezin/r  mixture,  and, 
when  its  temperature  fell  below  zero,  the  para-diazo-meta- 
t oluene-sulpnonic  icid  was  added,  small  portions  at  a  time. 
There  was  immediate  action,  a  f^entle  evolution  of  gas  took 
plac'i,  the  diazo  compound  '^'^adually  disappeared,  and  the 
alcohol  took  on  a  straiv  yellow  color.   After  the  addition 
of  a  few  srr.all  portions,  the  temperature  rose  to  5°  and  the 
color  deepened.   "o  further  addition  of  the  diazo  compound 
was  made  until  tiie  thermometer  had  a-^ain  fallen  below  zero, 
and  tlie  temperature  was  kept  below  that  point  ihrous;hout 
the  experiment.   V^Tien  about  half  the  diazo  compound  had 
been  added,  an  oran<^e-yellow  powder  began  to  settle  in  the 
bottom  of  the  beaker.   The  addition  of  the  diazo  compound 
was  continued  until  ^.5  n-rams  had  been  added;  the  beaker  was 


then  removed  from  the  freezinfr-mixture  and  left  to  stand 
over  ni^^ht  .   Purin"  the  decomposit  iun,  a  3]io-htly  irritat- 
inp:  odor,  otlier  than  that  of  the  alcohol,  cou]d  he  observed. 
V,T:ien  the  reaction  had  ceased,  the  material  was  poured  into 
an  evaporatinfT-dish,  and  the  methyl  alcohol  driven  off  by 
heatin--^  on  a  water-batli.   The  substance  readily  dried. 
When  nearly  dry,  some  volatile  product,  havinn;  a  vevy   irri- 
tating^ odor,  and  actin^  upon  the  eves  to  produce  an  immedi- 
ate flov/  of  tears,  bupran  to  be  driven  off.   The  hard,  li^^ht- 
brovm  substance  which  remained  in  the  dish,  was  riulverized, 
and  rubbed  in  a  mortar,  with  its  own  weip'ht,  (30  p-rams )  of 
phosphorus  '"entacfiloride.   The  reaction  wiis  immediate  and 
violent,  and  fumes  of  phosphorus  oxycriloride  '.vere  rriven  off. 
There  remained  behind  a  dark  brown  oil,  topiether  with  a  quan- 
tity of  tarry  products.   This  was  poured  into  wate>",  and  a 
dark-bro;n  oil  settled  in  the  bottom  of  the  vessel.   Placed 
for  some  time  in  a  test-tube,  in  a  freezinp:-mixture,  the 
oil  did  not  solidify.   This  oil  was  ivashed  •v-itx'i  water  sev- 
eral times  and  finally  treated  with  strong  amjr;onia,  with 
whici.  it  readily  reacted,  "•oinn-  into  solution,  and  heating 
up  considerably.   Excess  of  ammonia  was  expelled  by  evapor- 


atinr-  to  dryness  on  a  water-bath,  and  the  residue  extract- 
ed several  times  witn  ether.   Upon  distil  linf^  off  the  other, 
there  remained  behind  a  brown,  syrupy  liquid  ivhich  on  cool- 
inf:  became  solid  and  sliowed  a  crystalline  structure.   This 
was  dissolved  in  boilinr  water  and  treated  with  animal 
charcoal,  and  filtered.   Upon  coolin*^,  sira"'!  rhomboidal 
scales  ieparated  out,  slip;htly  brown  in  color.   '''y  several 
recrystallizat ions  and  treatment  with  animal  charcoal, 
lars'e  clear  white  fern-shaned  crystals  were  obtained,  which 
melted  at  108°.   Tiiis  was  the  meltinp:-noint  of  th^i  small 
quantity  of  meta-toluene-sulphon-amide  obtained  by  K'etcalf 
froni  a  mixture  consistinf  for  the  f?:reater  part  of  para- 
ethoxy-meta-toluene-sulphon  amide.   The  yield  was  4.5  grams. 

Another  experiment  was  tried  under  similar  conditions, 
with  the  exception  of  tiiat  of  temperature,  wiiich  was  allowed 
to  rise  to  9.0°,    and  the  results  were  essentially  the  same, 
witn  pernaps  a  slirrht  increase  in  the  tar>'y  by-p'"oduct.   In 
this  cas. ,  instead  nf  pouring  the  mixtu>"e  resulting  fro»n  the 
decomposition  of  -.he  diazo  compound  into  an  evaforatinrr- 
dish,  and  drivinr-  off  the  alcohol,  it  was  placed  in  an 
Erlenmeyer  flask,  and  distilled  off.   There  remained  beiiind 


a  licrhl  brown  colored,  porous  nia33,  easily  removed  Trom  Lhe 
flask.   This  was  heated  on  a  water-bat,h  till  thorourrhly  dry. 
The  same  irritai  in"-  odor  was  noticed.   The  alcohol  which 
was  di3ti]]tid  off  was  tested  for  aldehyde  and  it  responded 
at  once  to  the  silver  mirror  test.   A  solution  of  the  light- 
brown  powder  .vas  also  tested  for  aldehyde,  and  its  presence 
was  indicated  in  the  same  way.   By  treatment  with  phosphor- 
us pentachloride  and  ammonia,  as  in  the  first  case,  four 
rXSLus    of  the  artiide  were  obtained.   In  these  and  the  subse- 
quent experiments,  no  prod^ict  other  than  the  meta-to3uene- 
sulphon-amidc  was  obtained.   Its  formation  must,  therefore, 
have  been  throun-h  the  following  steps: 

CgKg^— SOgHlm)   >     Cg  H3<— no^  (m)  ^  C^}{^<C  =^ 

C^HfC        ^   C,H^<r        ^  C,H4<' 

^SOg-'Ia  ^SO^Cl  ^SOa^NHa. 

II.    In  the  presence  of  sodium  carbonate.  -  '^■^   prams  of  the 
diazo  acid  were  decomposed  in  200  cc.  of  absolute  methyl 
feslcohol,  in  which  9  F^rams  of  dried  sodium  carbonate  v/ere 
suspended.  ^!hen   tnc  alcohol  had  been  cooled  below  zero, 
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^.he  addition  of  ama]]  portions  of  the  diazo  compound  was 
bercun.   As  the  amount  of  substance  addea  increased,  the  al- 
cohol Tadually  took  on  a  pink  tinf^e,  but,  beyond  an  occa- 
sional bubble  at  lonr:  intervals,  there  was  no  ap^iarent  evo- 
lution of  fi-as .   The  flask  was  then  removed  fror'  the  freeziiir^^- 
mixturu,  placed  on  a  water-bath,  and  "ently  warmed  to  30", 
when  a  slow  evolution  of  "-as  occurred.   The  flask  was  left 
atandin-^  over  ni^ht.   In  the  mornin-T  the  alcohol  was  found 
to  be  colored  brownish  red,  and  the  sodium  carbonate  form- 
ed a  layer  at  the  bottom,  seemin^^ly  in  undiminished  quanti- 
ty.  A  thin  layer  of  undecomposed  or  undissolved  diazo  com- 
pound covered  the  sodium,  carbonate.   An  occasional  bubble 
of  ras  would  rise  throu^-h  this  upper  layer.   It  y/as  placed 
on  a  water-bath  and  heated  to  55°,  when  the  action  became 
quite  rapid,  and  continued  till  nearly  all  the  sodium  car- 
bonate had  disappeared.   The  temperature  was  then  46*^. 
The  flask  was  next  connected  witn  a  condenser,  and  nearly 
all  the  alcohol  was  distilled  off.   The  distillate  n-ave  a 
decided  response  to  the  test  for  aldehyde.   Tlie  residual 
bro\;n  po:vder  was  very  easily  moved  from  the  flask.   Dried 
on  the  water-bath,  it  weif^hed  27  rrrams,    and  was  darker  in 


color  than  ihat  obtained  m  the  experiments  with  sodium 
muthylate,  6b   grams  of  phosphorus  ■nentaehloride  ..ere  niaced 
m  a  500  cc.  Frlenmeyer  flask;  the  27  'rrams-of  dark  brown 
powder  ihen  added,  and  -he  flask  connected  with  a  condenser 
in  order  to  obtain  the  volatile  produci.s  of  the  reaction. 
The  action  be""an  m  less  tlian  a  minute,  and  the  contents  of 
the  flask  becatTie  quite  hot,  thou^-li  the  aciion  was  not  nearly 
as  violent  as  in  the  experiment  with  sodium  methvlate.   A 
frreat  quantity  of  oxychloride  fumes  came  ovev,  huL  only  a 
few  drops  of  oxyciil  ct^ide  '.;ere  condensed  in  the  receive^. 
The  contents  of  the  flask  were  poured  into  a  larp-e  quantity 
of  water,  and  a  heavy,  dark  oil  collected  at  the  bottom  of 
the  vessel.   This  oil,  after  thorou^^h  washmf^,  was  poured 
into  a  quantity  of  concentrated  arjnonia,  and  well  shaken. 
After  a  few  m.oments,  the  contents  of  the  flask  heated  up 
gently,  and  Lhe  oil  disappeared,  the  ammonia  turning  a 
brown  color.   Left  to  stand  over  ni^ht,  some  brown,  feath- 
ery crystals,  top;ether  with  some  drops  of  a  dark,  giammy  sub- 
stance, covered  lhe  bottom,  of  the  flask.   The  contents  of 
tiie  flask  were  placed  i^  an  evaporatinff-dish,  and  evaporated 
to  dryness  on  a  water-bath.   The  dry  material  was  extracted 
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several  times  with  ether,  the  ether  distilled  off,  and  a 
brown,  crystalline  substance  obtained.   Boiled  with  water 
and  anima]  ciiarcoal,  a  yield  of  IP,  p:rams  of  a  light-brown 
colored  amide  was  obtained.   A  second  expe'-iment  with  sodi- 
um carbonate  and  methyl  alcohol  vms   performed,  the  alcohol 
being  at  tiie  room  temr^  era  tare,  2(F  .   A  frentle  evolution  of 
gas  began  at  once,  and  the  temperature  rose  --gradually  while 
the  dia^o  compound  was  added.   It  was  not  allowed  to  rise 
above  45°,  bein?^  cooled  when  it  reached  that  point  by  immer- 
sion in  cold  water.   The  rer.amder  of  tiie  process  was  exact- 
ly as  m  the  previous  ease,  resulting-  in  a  like  yield,  12 
grams  of  amide. 

III.   In  the  presence  of  sodium  hydroxide.  -  In   this  ex- 
periment, 7  grams  of  fused  sodium  hydroxide  were  broken  up 
and  placed  in  an  Erlennieyer  flask  with  200  cc.  of  metliyl  al- 
cohol.  Sn.all  portions  of  tue  diazo  compound  were  added, 
and  the  action  was  immediate,  the  temperature,  which  was  21° 
at  the  beginninr-  of  tiie  experiment,  rising  so  rapidly  that 
the  flask  was  placed  in  ice-water  and  kept  there  throu^-hout 
the  experiment.   After  25  grams  of  the  diazo  compound  had 
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been  added,  the  flask  v/as  left  standinfj  till  all  action  had 
cyased,  wnen  the  alcohol  was  distilled  off  as  in  the  preced- 
ing; cases.   On  applymr'  the  silver  mirror  test  to  the  alco- 
hol *hich  was  distilled  off,  aldehyde  .vas  found  to  be  pres- 
ent in  it.   After  the  alcohol  /lad  be-^n  evaporated  off,  and 
the  I'esidual  gummy  mass  dried  and  powde'^ed;  it  was  treated 
with  phospiio'^us  pentacl-il  oride.   The  action  was  extremely 
rapid  and  violent.   The  thick  black  oil  which  '"esulted,  was 
washed  v/ith  water,  and  then  treated  with  stronr  ammonia, 
resultinp'  in  a  yield  of  12  '^ranis  of  amide. 

If.    In  the  presence  of  zinc  dust.  -  In  a  flask  con- 
taining^ 200  cc.  of  absolute  methyl  alcohol,  10  frram-s  of 
zinc  dust  wcre  placed.   The  diazo  compoi^nd  was  then  added 
in  sm.all  portions,  the  flask  beinr  well  siiaken  after  every 
addition.   Action  took  place  at  once  with  a  rapid  rise  of 
temperature  from  17*^,  at  tlie  be^inninr;,  to  60'^.      "Ihen   this 
latter  temperature  vas  ^-e-'ched,  the  flask  w-is  placed  in  ice- 
j  v/ater.   In  tliis  experiment  the  alcohol  did  not  discolor  for 
a  long  time,  whereas  in  the  other  decomposition,  a  very 
small  proportion  of  tiie  whole  quantity  of  the  diazo  com- 
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pound  sufficed  to  "-ive  tiie  alconol  a  decided  red  color. 
When  ?!5  ^-ran-.s  of  diazo  acid  had  been  added,  i-he  alcoho]  was 
or  a  ]i";ht  straw-color. 

After  all  action  had  ceased,  the  solution  was  filtered  to 
remove  the  residual  zinc  dust.   The  alcohol  v/as  then  roured 
into  a  fDask, connect ea  with  a  condenser  and  distilled.   A 
yellowish,  syrupy  liquia  remained  behind.   This  was  poured 
into  an  evaporatinfl:-di3h,  and  heated  on  a  wnter-balh  to  dry- 
ness.  Durinn-  the  drying,  the  irritating  ©dors  of  the  pre- 
vious experiments  were  noticed.   When  dry,  the  substance 
was  frround  up  in  a  mortar,  and  i'^    "-ran.'S  of  an  almost  white 
powder  were  obtained.   Treated  with  phosphorus  pentachlo- 
ride,  the  action  was  very  violent,  c'reat  heat  was  developed, 
and  but  a  small  quantity  of  oil  was  obtained.   This,  howeve?*. 
was  almost  white,  not  like  the  dark  viscid  oil  cf  the  pre- 
vious experiments.   Treated  with  ammonia  in  the  usua]  man- 
ner, 5  n-rans  of  pure  white  amide,  meltin<T  at  108°,  were 
obtainec . 

^^ .         In  presence  of  calcium  carbonate.  -  In  this  exper- 
iment 300  cc.  of  methyl  alcohol  and  15  grams  of  powdered 
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calcium  carbonate  were  taken.   The  diazo  compound  was  added 
in  sma]]  jiortions  at  a  time;  but  no  action  v,as  noticed. 
Tne  flask  was  then  placed  on  a  water-bath,  and  heated  up  to 
45°,  but  still  there  was  no  evolution  of  gas.   The  alcohol, 
however,  becarrie  pink,  probably  Trorr.  some  of  the  diazo  com- 
pound f^oin,":  into  solution.   50  Trar.s  of  the  diazo  acid  were 
added,  and  the  whole  left  to  stand  over  niq-ht.   In  the  rrorn- 
ina^,  the  calcium  carbonate  covered  tiie  bottom  of  tiie  flask, 
with  the  li"'hter,  undissolved  diazo  compound  forming  a  lay- 
er above. 

Fron.  this  experim.ent,  it  seems,  therefore,  that  the 
presence  of  calcium  carbonate  uas  no  influence  v/hatever  on 
the  diazo  decomposition;  v/hich  entirely  arrrees  witn  Reeson's 
results  in  his  experiments  with  diazo-benzene-ni trat e  and 
cal  ci  I.e. 

An  excess,  17  Trams,  of  zinc  dust,  was  then  added  to 
the  mixtui^e.   Bubbles  of  "as  formed  at  once,  and  as  the  con- 
tents of  the  flask  heated  up,  the  reaction  went  on  briskly. 
The  alcohol,  which  v/as  of  a  pink  color,  soon  became  colo""- 
less,  and  at  the  conclusion  of  the  action,  possessed  the 
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light  yellow  co1o>"  observed  in  previouo  experiirents  'vith 
zinc  aust.   Al'ter  filterinp;  r-^om  the  calciurr.  carbonate  and 
residual  zinc  dust,  dryinn;,  and  proceeding  as  before,  a 
yield  of  10  pframs  of  pure  whitt  amide  was  obtained. 


DECOMPOSITION  0^  PARA-DIAZO-META-TOLUENE-SULPHONIC  ACID 
IN  ETHYL  ALCOHOL  I^I  PRESENCE  OF  VAPIOUS  SUBSTANCES. 

I.   In  presence  of  sodium  ethylate.^ —  3.5  rni-ams  of  so- 
dium were  dissolved  in  20    cc.  of  absolute  ethyl  alcohol, 
and  the  solution  placed  in  a  500  cc.  Frlenyeyer  flask  and 
cooled  d(;v,n  to  — 5°  .   The  diazo  compound  was  added  in  small 
portions  at  a  time.   Each  portion  sj^nk  at  once  to  the  bot- 
tom of  tiie  flask,  but  in  a  few  rr.orr.ents  rose  rapidly  to  the 
surface,  colored  a  dark  red,  and  an  evolution  of  rras    bePtan. 
The  odor  of  aldehyde  v/as  very  marked  from  the  beginning. 
As  the  addition  proceeded,  the  solution  thickened,  and  be- 
came very  dark  in  color.   The  evolution  of  gas  becart'e  slug- 
fl'ish,  and  endured  for  a  lonff  time  after  all  the  diazo  com- 
pound had  been  added.   Tne  temperature  was  kept  below  zero 
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until  25  ^rams  of  the  diazo  compound  had  been  added,  v;::en 
the  fask  was  rerr.oved  from  the  freezing-n.ixture,  and  the 
contents  left  to  attain  the  room  t enperature. 
The  mixture  was  allovved  to  stand  over  ni-^ht,  then  placed  up- 
on a  v.'ater-bath,  and  the  alcohol  distilled  off.   A  hard 
blcick  naso  remained  in  the  flask.   This  could  not  be  re- 
moved, and  tiie  alcoliol  was  poured  back  into  the  flask  and 
heated  on  the  watei:'-bath;  but  the  n.ass  ren.ained  hard.   It 
was  left  standing-  tv/o  and  a  half  days,  but  witli  no  better 
result.   The  alcohol  was  distilled  off  ap-ain,  and  the  mass 
dissolved  readily  in  a  sn.all  quantity  of  v/ate^'.   This  solu- 
tion was  evaporated  to  dryness  over  a  water-bath.   The  d*"y- 
in/^  was  a  Ion??  and  tedious  process,  the  mass  becop'in'^  gummy. 

This  same  difficulty  in  dryin/r  the  product  which  had  been 

1 
in  contact  with  water,  was  noticed  by  f.'etcalf.  The  dried 

mass  was  powdered  and  weif^hed  35  '^rams.   It  was  of  a  dark 
brown  color,  much  darker  than  the  corresponding  compound  ob- 
tained from  methyl  alcohol.   This  was  placed  in  a  500  cc. 
Erlenmeyer  flask,  which,  after  the  addition  of  45  ?rrams  of 

phosphorus  pentachloride,  was  rapidly  connected  with  a  con- 


Dissertation,  fsr^e  6;    and  Aner.  Chem.  Tournal  ,  15  -301. 


16 


denser,  by  means  of  rubber  tubing,  and  shaken.   The  •^eaction 
Look  place  very  slowly,  the  flask  heated  up  r^radually,  and 
a  few  drops  of  phosphorus  oxychloride  distilled  over.   The>"e 
remained  a  black  viscous  mass.   This  was  sliaken  up  with  eth- 
er; tlie  ether  solution  poured  off,  and  tiiu  etiier  distilled 
off, 

A  thick  black  oil  remained,  which  was  shaken  up  several 
times  with  water.   Placed  in  a  freezing-mixture  for  half  an 
hour,  it  did  not  solidify.   This  oil  was  then  shaken  up  with 
ammonia,  but  the  action  was  very  feeble,  and  after  tue  ac- 
tion seme  tar  retrained.   The  anrionia  solution  v/as  poured  off^ 
evaporated  to  dryness,  and  the  residue  extracted  several 
times  v/itii  etiier.   4  -'^rams  of  dark-colored  amide  were  ob- 
tained.  The  experiment  was  repeated  with  the  same  quanti- 
ties of  material,  but  no  efforts  were  made  to  keep  the  tem,- 
perature  down.   The  only  difference  noted  was  in  the  rapid- 
ity of  the  reaction  whic-;,  in  the  second  experim.ent,  was 
much  rreater  than  when  the  flask  was  kept  in  the  freezinff- 
mixture,  but  in  neither  case  was  it  nearly  as  brisk  as  when 
rrethyl  alcohol  was  employed.   A  yield  of  3  "rams  of  amide 
and  a  e;rcater  quantity  of  tarry  matter  than  in  tlie  previous 


17 


experiment,  were  obtained.  The  alcohol  v/hich  was  distilled 
olT  in  both  these  cases,  ^ave  the  mirror  test  for  aldehyde. 

II.   In  the  presence  ol"  sodiam  carbonate. 9  p;r ams  of 

dried  sodiurr.  carbonate  were  suspended  in  200  cc.  of  abso- 
lute aJcchol,  and,  after  coolinp^  tne  mixture  Lo  zero,  25 
irrams  of  the  diazo  compound  were  r^radua^ly  added.   There  was 
no  apparent  action,  buyond  the  alcohol  becoming  colored  a 
pale  yellow.   Minute  bubbles  appeared  after  a  few  r«inuteD. 
As  the  action  seemed  not  to  increase,  the  flask  was  taken 
from  tlie  freuzin'^-mixtur-e  and  placed  on  a  water-bath.   ''■Vlien 
its  temperature  '.vas  32'',  the  action  becamie  brisk, but  not  near- 
ly as  much  so   as  in  tlie  case  of  rrethy]  alcohol  and  sodium 
carbonate.   'l^he  odor  of  aldehyde  was  distinctly  perceptible. 
The  flask  was  kept  on  the  water-^ath  till  its  contents  at- 
tained a  temperature  of  50°.   It  W2ls  then  "^emoved,  and  left 
otandin^  over  night. 

In  the  m.c'nino-  the  alcohol  v/as  colored  a  deep  T'ed,  and  bub- 
bles of  gas  were  still  rising  to  the  surface.   Upon  heating 
the  flask,  the  evolution  of  ^as  became  very  rapid.   When 
this  had  almost  entirely  ceased,  the  alcohol  was  distilled 
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off.   Tile  brown  mass  remainin?^  behind  was  i-emoved  very  eas- 
ily, and  poY/dered.   It  weighed  35  grams.   This  was  rubbed 
in  a  mortar  with  an  equal  weight  of  phosphorus  pentachTo- 
ride.   The  action  was  ffentle,  and  the  product  was  shaken  up 
with  water,  and  then  extracted  witii  ether.   28  "Tarris  of  a 
dark  brown  oil,  which  did  not  thicken  in  a  freezin";-r':ixture, 
were  obtained.   This  was  poured  into  100  cc.  of  concentrated 
ammonia  in  an  Erlenyeme^  flask,  and  the  flask  and  contents 
v.ere  shaken.   Tiie  oil  disappeared  in  a  few  minutes,  the  am- 
monia lieated  uv   and  became  brown  m  color.   After  evaporat- 
ing to  dryness,  extractin'^  with  ether,  and  recrystal  1  i  zing 
from  water  and  aniriial  ciiarcoal,  10   grams  of  a  pu>'e  »vhite 
amide  were  obtained. 

A  second  expei^'imeni  was  performed  under  similar  conditions, 
wiLii  the  exception  that  the  oil  obtained  by  the  rientachlo- 
ride  treatment,  was  not  extracted  with  ether,  but,  after 
washin"-  witn  water,  poured  into  the  concentrated  amjr.onia. 

The  am.ide  obtained  after  recrystall  izin^r  from'  water 
and  animal  charcoal  v/cin-hed  8  frrams ,  and  was  of  a  lirht 
brown  color. 

A  third  experiment  was  performed,  the  variation  in  this 
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case  consistinT  in  usin*'  90,€  alcohol  in  place  of  absolute 
alcohol.   This  experiment  was  performed  at  the  room  te.nper- 
ature.   Upon  the  addition  of  the  diazo  compound,  there  was 
a  brisk  evolution  of  /^as  but  no  odor  of  aldehyde.   The  con- 
tents of  the  flask  heated  up  to  above  40®.   After  standinrr 
some  time,  it  was  heated  to  45°,  when  the  bubbles  became 
larf^er,  and  the  effervescence  proceeded  briskly  fc  some 
lirno,  the  sodium  carbonate  gradually  disappearing  till  but 
a  small  portion  of  i i.  remaint^d.   The  odor  of  aldehyde  was 
now  perceptible.   "^rom  this  it  seems  that  the  reaction  took 
place  in  Uvo  sta/res,  the  first  beinnr  probably  the  formation 
of  the  sodiun:  salt  of  para-diazo-meta-toluene-sulphonic  acid,, 
and  the  second  the  decomposition  of  this  compound. 

Proceeding-  as  in  the  second  experiment,  7  "rams  of  a 
lin;ht-brown  am.ide  were  obtained. 

III.    In  presence  of  sodiiJim  hydroxide.  —  In  this  ex- 
periment, an  excess,  7  grams,  of  fused  sodium  hydroxide  was 
broken  up  into  small  pieces  and  placed  in  an  Erlenmeyer 
flask  with  '5.00  ce.  of  absolute  ethyl  alcohol.   The  experi- 
ment was  befjun  at  the  room  temperature.   The  reaction  was 
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similar  to  that  with  sodiufri  ethylate.   The  decomposition 
took  place  mucii  niore  slowly  than  when  ethyl  alcohol  and  so- 
dium hydroxide  were  used.   After  distil  lin/?  off  the  alcohol, 
drying  and  powdering,  35  scrams  of  a  brown  substance  were  ob- 
tained.  Treatino;  with  phosphorus  pentachloride,  a  black 
(;il  resulted.   Upon  washing-  this  with  water,  quite  a  quan- 
tity of  black  tarry  scun.  rose  to  the  surface.   The  yield  of 
amide  obtained  from  this  oil  was  10  x^rams ,  and  its  color 
was  brown. 

I'f.   In  the  presence  of  zinc  dust.  — In  this  experiment, 
300  CO.  of  absolute  etiiyl  al  coiiol  and  17  ^rams  of  zinc  dust 
were  taken.   50  frrams  of  the  diazo  compound  .vere  slowly  ad- 
ded.  ^!o  freezin'T-mixture  was  employed,  but  the  temperature 
v.as  kept  down  by  placinn;  the  tht;  flask  in  runninf?  water. 
The  evolution  of  "as  was  a  little  slup;fi;ish  at  first,  but, 
as  the  contents  of  the  flask  heated  up,  it  bccan.e  brisk. 
j  The  odor  of  aldehyde  was  noticed  from  the  very  be""innin^. 
Wien  the  reaction  v/as  over,  the  alcohol  remained  limpid  and 
of  a  li<rht  oran^-e  color,  in  distinction  to  the  dark-red, 
syrupy  liquid  which  resi^lted  from  the  other  experiments  with 
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ethyl  alcohol.   The  alcohol  was  distilled  off,  leaving  a 
hard,  almost  wnitu  residue  on  the  bottom  of  the  flask, 
''his  was  removed  by  boilinn^  with  water,  and  the  watery  sub- 
stance was  then  evaporated  to  dryness,  which  was  readily 
done,  and  powdered,  yieldinpr^  55  n-rams .   Treated  with  phos- 
phorus pentaehloride,  the  action  was  very  violent,  and  a 
small  quantity  of  a  brown  oil  was  obtained.   This,  after 
washin^^  wath  water,  rrave  7  <rrams  of  a  nearly  pure  white 
amide. 

V.   In  presence  of  anirfionia.- — 300  cc.  of  absolute 
methyl  alcohol  were  saturated  with  dry  anurionia  gas,  and  the 
solution  was  cooled  to  zero.   Upon  the  additicjn  of  the  diazo 
compound,  there  was  no  ap]iarent  action.   After  waitin-^ 
some  tiir.e,  the  flask  was  removed  from  the  freezinr^-mixlu»"e 
and  its  contents  were  allowed  to  lake  the  room,  temperature 
[2.0°),    when  action  be^^an  at  once.   As  m.ore  diazo  compound 
Aas  added,  tiie  temperature  rose  rapidly,  and  tiie  flask  ./as 
cooled  by  pTacinT  it  m  a  dish  of  cold  water.   Upon  the  com- 
pletion of  the  reaction,  the  alcohol  was  distilled  off,  Liie 
>"esidue  removed  from  the  flask,  dried  and  i-iowdered.   The 
powder  was  treated  in  a  mortar  with  an  equal  amount  of  phos- 
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phorus  pentachi oride ;  the  reaction  was  very  violent;  fumes 
of  piiosphorus  oxychloride  were  given  off,  but  in  place  of 
the   appearance  of  an  oi],  the  mixture  i"^  the  mortar  thick- 
ened and  becanie  solid.   Water  vvas  added  to  this,  apon  .vhich 
the  mass  foamed  up,  and  after  the  reaction  v/as  over,  bunches 
of  yellow  needles  appeared  throughout  the  dark  red  liquid. 

A  quantity  of  crystals  was  removed,  and  washed  witi) 
water.   They  were  found  to  be  very  soluble  in  *ater.   Re- 
peated boiling  with  animal  charcoal  failed  to  >*errove  or 
lessen  iheir  yollcvv-  color.   heated  up  to  300°,  they  char- 
red without  nieltinrr.   Their  solution  /rave  a  neutral  reac- 
tion.  On  adding  strono-  hydrochloric  acid  to  a  solution  of 
iitie   substance  in  a  te3t-tube,  white  needles ,  similar  in  appea-r- 
ance  to  the  ori^-inal  para-tcluidine-meta-sulrhoni  c  acid 
crystallized  out.   It  was  susnected  that  it  mip-lit  be  the 
ammoniurr:  salt  of  para-toluidine-meta-sulf  honi  c  acid,  and  to 
test  tiiis,  about  '^0  "-rams  of  it  ,vas  diazotized  in  the  usual 
manner,  and  the  diazo  con-pound,  similar  in  apngarance  lo 
that  obtained  lieretofore,  was  then  decomposed  in  absolute 
methyl  alcohol  to  which  an  excess  of  fused  sodium  hydroxide 
had  been  added.   Tne  decomposition  took  place  in  all  re- 
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spects  simil:-ir  to  that  of  the  diazo  acid  in  methy3  alcohol 
and  sodiurr.  hydroxide.   On  drying,  powderin/r  and  treatinn; 
'.vith  phosphorus  pentach3oride,  a  dark-cclorcd  oil  -.vas  ob- 
tained ,  which  was  wasiied  and  treated  with  anjTionia.   The 
resulting:  amide  was  extracted  v/ith  etlier,  boi]ed  with  water 
and  aninia]  charcoa]  ,  and  brown  crystals  were  obtained  which, 
by  repeated  purifications,  p-ave    larce  pure  white  scales,  of 
exactly  the  sat  e  appearance  as  th»i  rycrystall  ized  amides 
previously  obtained,  and  meltinf^  at  tlie  same  point. 

The  experiment  was  repeated,  usinp;  ethyl  alcohol,  with 
like  results. 

Hence  the  decomposition  of  para-diazo-meta-to]uene-sulphonic 
acid  in  amnioniacal  aiconol,  must  have  taken  place  as  fol- 
lows : 

CH^  ^  CHq 

SO3   >  CgHg^SO; 

CHg  .   CH, 

A  comparison  of  tiie  different  yields  of  nurified  amides 
was  made  as  follows,  the  numbers  representing  the  yield  in 
"ijams  of  pure  an:ide  obtained  f'-om  the  decomposition  of  100 
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SO3       >     CgHg^SOgH^N 


<Crig  ^  CHq 

SO^Cl       >      CgHg^SOsOH 


":rani3  of  the  para-diazo-meta-toluene-sulphoni c  acid. 

In  methy]  alcohol.        In  ethyl  alcohol. 
With  sodium  S4.8  19. 

"  sodium  carbonate    5rj  33. 

"  sodium  hydroxide   33  24. 

"  zinc  dust  17  24. 

Each  wea.p:ht  is  the  average  of  at  least  three  exTieri- 
msnts . 

From  these  experiments,  it  is  seen  that  the  sodium  car- 
bonate reaction  yielded  the  largest  ainount  of  awiide.   The 
compound  resulting'  from  the  decom.posit  ion  of  the  diazo  acid 
in  pr'esence  of  sodium  carbonate,  and  whic!i  contained  the 
excess  of  sodium  carbonate  orin-inally  added,  was  also  the 
one  most,  slowly  acted  upon  by  phosphorus  pentachloride. 

On  the  other  hand,  with  the  exception  of  the  zinc  dust 
reaction,  all  the  others  p-a.ve   a  quantity  of  tarry  matter  up- 
on treatrent  with  phosphorus  pentachloride. 
The  apparent  purity  of  the  oil  obtained  by  treating  with 
phosphorus  pentachloride  the  product  of  the  decomposition 
of  para-diazo-rneta-toluene-sulphonic  acid  in  tlie  presence  of 
zinc  dust;  tiie  absence  of  all  traces  of  tarry  matter,  and 
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the  la^p-e  clear  white  crystals  of  amide  whicn  the  very- 
first  crystallization  yielded,  marked  the  zinc  reaction  as 
by  far  the  cleanest  method  of  decomposition.   The  "reat  dis- 
parity in  the  yields  of  amide  obtained  by  tiiis  and  the  oth- 
er methods  of  decomposition,  was  not,  however,  in  its  favor. 

It  was  thought  that  trie  iieat  of  tiie  reaction  mi^ht 
have  decomposed  or  \/o]atilized  a  part  of  the  sulphon-chlo- 
ride  formed,  and  exneriments  were  made  with  a  less  violent 
chlorinat in"-  a^ent  tiian  nhosphorus  pentachloride.   According- 
ly 50  rrrams    of  the  diazo  cor.ipound  v^ere  decomposed  in  300  cc. 
of  m.ethyl  alcohol  and  17  "-rams  of  zinc  dust.   After  the  de- 
composition, the  solution  was  filtered  and  evaporated  to 
dryness,  55  f^rams  of  li"-ht-brown  powder  bein<'  obtained. 
This  v/as  added  in  small  portions  at  a  time,  to  vo  rrrams  of 
phosphorus  trichloride,  contained  in  a  300  cc.  round  bottom- 
ed flask.   After  a  few  nrrams  had  been  added,  small  bubbles 
be";an  to  appear,  cominf;-  from  the  powder,  which  darkened 
somewhat  in  color,  and  became  r'ummy.   As  the  addition  of 
substance  went  on,  the  temperature  rose  very  sli/^htly.   Af- 
ter the  whole  had  been  added,  the  flask  was  put  aside  over 
nin-ht . 
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In  tlie  mornin-',  the  contents  of  the  flask  consisted  of 
a  brown  '"^um  which  covered  the  bottor,  and  an  alnost  clear 
liquid  on  top.   Most  of  the  clear  liquid,  the  "-reater  part 
of  which  was  phosphorus  tricii.l  oride  was  poured  off,  placed 
m  a  flask  and  distilled  under  diminished  pressure.   There 
remained  behind  a  small  quantity  of  a  slirrhtly  yellow  oil. 
This  was  shaken  up  with  water;  it  became  li"-hter  in  color, 
diminished  somewhat  in  quantity,  and  settled  readily  to  the 
bottom  of  the  flask. 

The  flask  containin?^  the  f^ummy  substance  and  the  re- 
mainder of  the  clear  liquid,  was  then  connected  with  a  con- 
denser, and  lieated  upon  a  water  bath  under  diminislied  pres- 
sure.  Some  more  phosphorus  trichloride  came  over.   v;]:ien 
distillation  had  ceased,  the  flask  was  removed,  and  t}\e  sli^^ht- 
ly  yellow  liquid  above  the  f^ummy  material  poured  into  cold 
water.   It  settled  at  once  to  the  bottom.   Water  was  added 
to  tue   flask  containin*^ the  brown  gum,  and  this  dissolved 
slowly,  r-ivinp;  off  small  ?rlobuljs  of  oil  which  gathered  to- 
gether at  the  bottom.   The  three  portions  of  oil  were  put  te 
gethe»",  and  washed  repeatedly  with  water. 

The  amide  was  made  by  pourin^^  the  oil  into  a  6^)0  cc. 
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Erlenmeytir  flask  containing  from  150  to  ?00  cc.  of  atron"- 
airinrionia,  and  siiakinrr  vi"-orous]y.   In  a  few  minutes  tiie  con- 
tents of  the  flask  became  warm  and  the  oil  dissolved  form- 
ing a  c]ear,  lifrht-yellow  solution.   Upon  coolin*^,  large 
ili.Thtly  yellow  crystals  of  the  amide  separated  out.   After 
filterinp;,  the  mother-liquid  v/as  evaporated  to  dryness  and 
the  resiaue  extractee  with  ether,  which  resulted  in  a  still 
smaller  addition  to  tiie  total  amount  oi  amide  obtained.  Af- 
ter boilina;  with  animal  charcoal,  the  first  crystallization 
yielded  from  100  r>-rams  of  tlie  diazo  compound,  45  f^rams  of 
larr:e  pure  white  fern-shaped  crystals,  which  melted  sharp- 
ly at  108°. 

The  decomposition  was  repeated,  usinf^  absolute  ethyl 
alcohol  in  place  of  methyl  alcohol.   The  decomposition  did 
not  take  place  as  readily  as  wiien  methyl  alcohol  was  em- 
ployed, hut,  upon  slio:htly  warmin*^  the  alcohol,  it  became 
rapid.   The  alcohol  became  nearly  colorless  throughout  the 
experiment,  while  when  methyl  alcohol  was  used,  it  turned 
to  an  oranr'e  color.   T}ie  yield  of  amide  was  a  little  great- 
er than  by  the  methyl  alcohol  method;  100  pcrams  of  the  di- 
azo acid  ,9;ivinf^  50  f^rams  of  pure  amide. 
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The  result  obtained  by  heatinr'  the  product  of  the  da- 
azo  decomposition  in  presence  of  zinc  dust  with  phosphorus 
Lricliliride,  sufrnrested  a  like  experiment  with  that  obtained 
by  decoroposinc:  the  diazo  acid  in  presence  of  sodium  car- 
bonate. 

Because  the  araides  obtained  by  treating  the  residue, 
after  the  decomposition  in  presence  of  sodium  carbonate, 
v/ith  phosphorus  and  ammonia  respectively  approached  that 
from  the  zinc  dust  reaction  in  whiteness  and  surpassed  it 
in  quantity,  it  was  thouo;ht  the  substitution  of  the  tricfilo- 
ride  for  the  pentachloride  of  phosphorus,  would  3 ead  to  a 
larger  and  cleaner  yield  of  meta-toluene-sulpnonc-'iloride. 

Accordin«^ly,  about  25  n;rams  of  the  diazo  compound  were 
decomposed  in  absolute  ethyl  alcohol  in  wriich  8  ^rranisof 
dried  sodium  carbonate  were  suspended. 

The  reaction  took  place  as  in  the  like  experiments 
previously  performed,  and  about  30  ":ranis  of  dried  material 
were  obtained.   This  was  powdered,  and  added,  little  by  lit- 
tle to  30  rrrams  of  phosphorus  trichloride  contained  in  a 
round-bottomed  flask.   Each  small  portion  added  settled  to 
the  bottom,  and  there  was  no  appearance  of  any  change 
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takinf^  place.  ^Jhen   the  whole  amount  was  added,  the  powder 
absorbed  the  liquid  trichloride,  but  the  contents  of  the 
flask  did  not  warm  up,  not*  was  any  other  indication  of  a 
reaction  noticed.   Left  to  stand  over  nip:ht,  its  arpear- 
'•'    ance  was  unchan^-ed  in  tlie  mornin"-. 

The  flask  was  next  connected  with  a  reflux  condenser, 
and  heated  on  a  water  bath  for  two  hours.   A  portion'  of  the 
moist  powder  ;vas  tiien  removed  from  the  flask  and  thrown 
into  cold  water.   There  was  the  usual  reaction  between  phos- 
pnorus  irichloride  and  water,  but  no  trace  of  an  oily  sul- 
phon-chloride.   Tlie  substance  was,  therefore,  removed  from 
the  flask  and  rubbed  in  a  mortar  with  30  o-rams  of  phosphor- 
us pentachloride,  resulting;  in  the  usual  quantity  of  liquid 
meta-toluene-sulphon-chloride,  which  was  converted  into  the 
amide. 

From  this  experiment  it  was  concluded  that  the  prod- 
uct obtained  when  the  diazo  compound  was  decomposed  m 
presence  of  sodium  carbonate  would  not  react  with  phosphorus 
tricnloride  and  all  subsequent  yields  of  sulohon  chloride 
were  obtained  by  the  zinc  dust  and  phosphorus  trichloride 
treatment . 
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ViETAtTOLUENE- 3ULPH0N- AM  I DE . 

Havinr;;  on  iiand   a   quantity   of  pure   amide,    obtained   as    a 
result    of   the  precedin;^   experiments,    its   properties    were 
carefully   studied,    and    corripared   with   tiie  meta-t oTuene-sul- 
phon-amides   described   in   the    literature. 

The   amide   was    first   mentioned,    in   1873,    by  Ii'uller,    who 
made    il    by    reducin"-   the   barium   salt    of   orlho-brom-meta- 
toluene-sulphonic    acid   by   means    of   sodium   amalgam;    and    then 
by   the  phosphorus   pentachloride   reaction   forminrr   the   sulphon- 
chloride,    which,    treated    with   ammonia,    Tave   tVie   amide.      The 
transition   from  the   ortho-brom-meta-toluene-su]phonic   acid 
to   tne   arrdde,    he   supposed   took   place   as    follows: 
Cii3  ^^'^3 


CgH3^Br    (o)  *        C.^}i^< 

SO3H    (ni)  "^"^OgH 


C   Hj  /CH 


Miiller   describes    tiie   amide   as    easily   soluble   m    ether, 
alcoho]    and   ammonia,    and   as    crystallizing-   from  water   at    40° 


^Iiebif^'s   Annalen,    Vol.    169   -   p.. "51 
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in  lar"-e  scales,  and  from  water  at  20*^  in  slender  needles. 
Its  melt  irT'-point  was  90''-  93.° 

A  year  later,  Pechi^ann  obtained  wliat  he  claimed  to  be 
meta-toluene-sulphon-amide  by  decomposing'  para-diazo-neta- 
toluene-sulphonic  acid  in  alcohol  under  pressure,  according- 
to  the  following  equation: 


V  SO3H 


z 


Trom  tins  aeid  he  obtained  an  amide,  like  Miiller's 
soluble  in  hot  water,  alcohol  and  ether,  but  which  crystal- 
lized in  rtionibic  scales  and  in  brilliant  leaves  and  needles, 

and  melted  sorrewnere' below  100°." 

2. 
The  amide  was  next  obtained  in  1375,  by  Pafrel,  who  al- 
so employed  the  diazo  reaction,  makm'r  first  the  diazo  com- 
pound of  ori,ho-toluene-sulr)honi c  acid,  changing  this  into 
the  brom-t  oluei^e-sulphoni  c  acid,  removin'^  the  brorine  by 
lonp^-cont  inued  treatment  with  sodium  amalgam,  and  then  pro- 
ceeding to  the  amide  by  the  usual  reactions.   Pagel's  amide 
was  tolerably  soluble  in  cold  water,  much  more  so  in  hot 
water,  and  easily  soluble  in  alcoiiol,  chloroform  and  ethe??. 

^Liebi'i-'s  Annalen,  173  -  195.      Ibid,  176  -  P,97. 
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Prom  all  these  solvents  it  crystallized  out  in  larp-e  leav^es 
which  melted  at  104°. 

In  1877,  Beckurts^ described  an  amide  which  he  obtained 
by  fractional  crystallization  from  a  mixture  of  amides.   iut 
this  product,  and  that  obtained  two  years  later  by  Claesson 
and  V/allin'^was  a  mixture  of  the  rara  and  ortho  compounds, 
as  will  be  siiown  in  the  second  part  of  this  thesis. 

In  1879,  F.H.S.Jvluller^  by  treatinf^  the  gieta-diazo-tol - 
uene  salts  witii  sulpliuroas  acid,  obtained  an  anide  neltine 
at  ]07<^.   This  also  was  probably  impure,  for  an  anilide  ob- 
tained from  t}ie  same  sulphon-chloride,  had  a  much  lower 
mel  tino--point  tnan  the  one  which  will  be  described  further 
on. 

Seville  and  ^'■inthor,  (1880),  by  heatinr  ortho-diazo- 
toluene-sulphonic  acid  under  pressure  with  alcohol,  and  by 
reduction  of  bromo-toluene-sulphonic  acid  by  means  of  sodi- 
um amalfrara,  obtained  a  toluene —sulphonic  acid,  which  crave, 
on  treat  in*^  its  potassium,  salt  v;ith  piiosphorus  pehtachlo- 
ride,  a  sulphon-chaoride,  and  an  anide  which  melted  at 


^Rerichte  X  —  943.     ""ibid  XII  —   1848.    ^Ibid  XII—  1348. 

A. 

lournal  of  the  Chemical  Society,  Vol.  37,  p.  628. 
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106.5°-  3  07.5° 

Chase  Palmer,  in  1882,  repeated  llubner  and  Wuller's 
process  of  obtaining;  the  amide,  and  found  a  product  iden- 
tical in  all  its  properties  with  tiiat  described  by  these 
investigators . 

In  1886,  Klason  prepared  the  amide  after  the  method 
of  Pechmann,  and  found  it  to  have  a  melting-point  of  108^ 
crystallizinj^  in  m.onoclinic  scales  and  octahedra. 

In  this  same  year.  Vail  in',  admitting-  the  evidence  of 
the  impurity  of  the  amide  obtained  by  himself  and  Klason,'*' 
made  the  com.pound  by  the  method  of  Pechmann,  and  described 
it  as  crystallizing-  from  v/ater  in  leaves  melting  at  107°, 
and  from  alcohol  in  monoclinic  crystals  vhich  n^elted  at 
103''.   About  this  time,  also,  ^loyes  a-^d  Walker  made  what 
they  claimed  to  be  the  m.eta-toluene-3u]phon-amide  by  treat- 
inrr  ortho-brom-toluene- with  fuiriino-  sulphuric  acid,  makm"; 

"^American  Chemical  •Tournal,4 —  140.     '^Borichte  19  —  ?,887. 
Ibid  19—  ?952.      Ibid  ]?—  1848.     ^American  Chemical 
Tournal,o  —  186„ 

The  names  of  tiiese  tv/o  investigators  v;ere  written 
Claesson  and  Wall  in, in  Berichte  XII, —  1848. 
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the  aodium  sa]t  and  eliminatirf^  the  bromine  atom  by  means 
cr  zinc  Gust.   The  sociium  salt  was  then  treated  with  phos- 
phorus pentachloride  and  tlie  oily  chloride  thus  obtained 
converted  into  an  an;ide  whiciri  melted  at  90" —  91'^ 
The  next  contribution  to  our  knowled/?e  ol'  n  eta-toluene-su] - 
phon-amiue  was  m.ade  by  I.'etcalf,  in  his  work  "On  the  Reaction 
of  Certain  Alcohols  witn  Para-diazo-meta-toluene-sulphonic 
acid''  v/hieh.  sliowed  that  mien  this  acid  is  decon.posed  by 
boilinf^  v;ith  alcohol,  both  the  alkoxy  and  the  hydrof^en  re- 
actions take  place,  the  former  to  a  much  o-reater  decree  tkan 
the  latter.   MeicaDf  succeeded  in  separating  a  small  quan- 
tity o£   the  meta-tolucne-sulphon-amide  Irom  mixtures  of  it 
and  para-ethoxy-meta-toluene-sulphon-amide.   he  found  for 
these  specimens,  n  el  t in"--point 3  '■•an'^ins-  between  9^^° —  ]08? 

The  am.ide  which  v/as  obtained  in  tlie  experiments  here- 
in described,  was  carefully  compared  v/ith  that  described  by 
the  above  mentioned  investi"-ators .   From,  concentrated  solu- 
tions, the  amide  camo  down  in  brilliant  hexa^^onal  scales, 
and  from  more  dilute  solutions  it  separated  out  in  beauti- 
ful larfre  fern-like  /growths.   It  was  soluble  to  a  very 
slip;ht  extent  in  cold  water,  but  easily  soluble  in  hot  water 


■^  Dissei'tdit  i(jn,  11390,  and  Amierican  Chem.  .T6urnal  1"'  -  501. 
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at  a  temperatare  of  70°.   It  was  exceedin"-]y  soluble  in  al- 
cohol, from  which  it  crystallized  in  lark's  monoclinic  prisms. 
Analyses  of  the  amide  cave  the  followinf^  results: 
I,     .3020  gram  of  the  amide  .^ave  .54i5  gram  of  car- 
bon dioxide. 

II..    .3003  f^ram  of  the  amide  gave  .5425  rrarn  of  carbon 
dioxide. 

III.     .3020  .»ram  of  the  amide  ^^ave  .1472  r^ram  of  water. 
IV.     3003  Tram  of  the  amide  rrave  .1450  oram  of  water. 
V.     .2391  ^^rarn  of  the  amide  -^ave  .3302  rcram  of  barium 
sulphate.  j 

VI.     .2910  rrram  of  the  amide  ,"^ave  .3950  f^ram  of  barium 
sulpnate.  I 

VII.     .2210  f^ram  of  the  amide  lave    .0202  'r:ram  of  nitrogen. 
VIII.     .1800  n-ram.  of  the  amide  o-ave  .0149  «?ram.  of  nitro«^en. 
IX.     .2185  pcrain  6fi  the  amide  '^ave  .0178  o-ram  of  nitrOften. 
'I'he  sulphxir  determinations  were  made  by  Liebix^i's  method. 
Nitrogen  determination  ''^11  was  by  the  Dumas  method;  VIII  and 
IX  were  by  Wilfarth's  modification  of  the  Kjeldahl  method, 
and  were  made  by  Vr.    T.W.Lawaon  of  this  laboratory,  who  also 
made  the  carbon  and  hydrogen  determinations. 
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Calculated    for    C^Ii4<'  round. 

^f^0^NH;2^         I.  II.  III. 

C  49.1?  49.17  40.?.6 

H  r-).2G  5.40  5.36 

S  18.7]  18. 9=^.  18.73 

M  0.18       .  .  8.13  8.28       .       8.15    . 

The   amide   obtained   by  Muller,    was   described   as    c^^ystal- 
lizinn;      at    '^(P    in   slender   needles.      Thou«5h  a   threat   many   ob- 
servations   Mere  made,    in  no    case   did   the   amide    come   down   in 
this    forrr,    hexar'onal    scales    som.etirres    bunched    in    fern-sliaped 
loaves,    bein'^-  the   rule   without    exception. 

Pociirrann '  s    ariiide    came   down    in    '^hombic    scales,    and   needles, 
and   thouMi    it    melted    at    104    ,    was    far    from   bein-'^  pure   meta- 
toluene-sulphon-amide,    for,    as    evidenced    by   Melcalf's    work, 
it    contained    a    larsre    quantity   of  para-ethoxy-meta-toluene- 
sulphon-amide.      PaP:e]'s    amide   differed    from   ttiat   herein   de- 
scribed   in   bein'T   tole-^ably   easily   soluble   in   cold    water   and 
m    crys tallizinp-    from   all    solvents    in    larnre    leaves.       The 
other   amides    referred   to   above,    which  were  prepared  after 
the   methods  of  Viiller   and   Pechmann,    or   a    combination   of  both, 
can  not    be   considered   as   pure  products. 
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Decomposition  of  K!ela-loluene-SL>lphon-amide. — -As  a 
lest  of  the  purity  ol"  the  arr.ide  obtained  from  the  -nrodact  of 
the  diazo  decomposition  in  presence  of  alkalies  and  other 
substances,  the  experiment  by  which  Otto  showed  that  Beck- 
urts'  amide  was  a  mixture  of  the  para  and  ortho  corr;pounds 
v/as  performed. 

15  p;rams  of  the  amide  were  heated  to  150°  with  concen- 
trated hydrochloric  acid,  ii*i  a  sealed  tube,  for.  fou''*  hours. 
The  product  of  the  reaction  was  very  easily  soluble  in  cold 
v/ater,  and  this  solution  was  repeatedly  boiled  down  with 
water  till  free  of  hydrochloric  acid.   It  was  then  treated 
with  potassium  hydroxide  solution  until  all  the  airjnonia  v/as 
driven  off.   The  potassium  salt  thus  formed  was  very  easily 
soluble  in  hot  95;>  alcohol,  from  which  it  crystallized  out 
on  coolin.-  m  a  n.ass  of  fine  needles.   These  crystals  were 
dried  in  an  air-bath  at  a  tem.perature  of  140°,  powdered, 
and  treated  with  an  equal  weii^ht  of  phosphorus  pentachloride - 
The  reaction  was  quiet  and  '^entle,  and  a  quantity  of  color- 
less oil  was  the  result.   Pour-ed  into  cold  water,  a  white 
scum  covered  the  surface  of  the  oil,  but  this  disappeared  on 
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^tandirvR.      The   oil    was    separated   .Erom:  tiie   water,'  poU>^ed -in- 
to  a   test-tube   and   placed   in   a   freezinf^-mixture   for  half  an 
hour.      At    tiie   expiration   of   this   period      at    seemed    to   be   as 
limpid   as    in   the   berinninn:,    and   showed  no    trace   of  a   solid 
formation. 


OXIDATION    0?   META-TOLUENE-SULPHON-A?.:iI)E. 
Another    exporinent    v/as    made,    havino-   for    its    aim   the 
oxidation   of  meta-tcluene-sulphon-amide    to   reta-sulphamine- 
benzoic    acid.       To    a   mixture    of  80    rrrams    of   concentrated    sul- 
li    phuric   acid   diluted   with-b)ireo   times    its   volunie   of  v/ater, 
"     and   60   f^rans    of  potassium   bichromate,    20    "•rams    of  meta- 
toluene-sulphon-anriide   were   added.      The   flask    cf'ntainin«>"   the 
mixture   v/as    eonnocted    with   a  reflux-condenser   and   heated 
gently   over   a   low   flame.      The   action   bean   almost    imjr.ediate- 
ly,    and   became   so   enercietic    that    cold   water  had    to    be   added 

to    the    contents    to   prevent    foaminp;   over.      After   boilinn;    for 

11 

'  an  hou>",  the  oily  layer  of  melted  am.ide  which  covered  tlie 

surface  entirely  disappeared,  and  ti:e  flask  was  removed  and 

its  contents,  after  coolinp-,  were  poured  into  cold  water. 
A  mass  of  cr^^-stals  separated  out.   These  were  drained  by 
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means    of  a    filter-pump,    and   v/ashed   with   water    til]    free 
from   all    bichromate    color.       Tiiey   v/ere    then    treated    en    the 
funnel    vfitli    cold    sodium-carbonate    solution,    when   most    of 
the  acid   dissolved.      The   substance  which   remained   on   the 
filter   was    examined,    and    it    proved   tc   be   ^ure  rr:eta-to]  uene- 
sulphon-arnide.      It    weigiied   about    '^,   prranis. 

^  META-SULPH-AMINE-RENZOIC   ACID. 
The   sodium,  salt    which  passed   in   solution   tlirou.ih   the 
filter,    was   treated   with  iiydrochloric   acid   and   a   quantity 
of  minute   scales    separated   out.      These   were    filtered   off, 
dried,    and    recrystall  ized.       They    "-ave   a   me]  t  inr-point    of 
233'^     (uncorrected).       From   the   ^.0   gram.s    of  meta-toluene-sul - 
phon-aniide,    a   yield    of   12    arams    of  meta-aulphamine-berzei  c 
resulted.       It    was    carefully    compared    with    the   m.eta-sulpha- 
mine-benzoic    acid    obtained   by   Jimp>"icht    and   Tlslar,    from 
3ulpho-benzamide   and   potassium  hydroxide,    which   was   describ- 
ed  as    separatinr*-    fron^   the    cooled    solution   in   scales    which 
m.elted    above   200°.       This    acid    was    sparin'^ly   soluble    i"    cold 
ivater,    more   easily   in   ether,    and    very   soluble    in   alcohol. 


lis  ba''iuni  salt  was  made  by  addin?»  barium  carbonate  t.o  a 
boilin/r  solution  of  the  aeid.   This  was  easily  soluble  in 
water,  from  which  it  crystallized  out  in  small  masses  nos- 
sessinK  a  "wave]]  ite"~  structure,  and  containing;  four  mol- 
ecules of  water  of  crystallization.   Its  silver  salt  con- 
;|  sisted  of  loni^  silky  needles  whicix  contained  two  molecules 
of  water  of  crystallization  and  did  not  blacken  on  boilincr 
or  lonp-  exposure  to  tiie  li'^-ht. 

A  snail  portion  of  the  meta-sulphamine-benzoi c  acid 
made  by  oxidizing  r.-eta-toluene-sulphon-andde,  was  ":ently 
heated  in  a  test-tube  in  a  sulphuric  acid  bath  to  ?45'^  —  '^5(;'i' 
for  45  minutes.   Upon  coolinfr,  it  stiffened  to  a  bro'.Yn, 
r^lassy  mass,  wnich  was  easily  soluble  in  cold  water,  from, 
vvhich  It  crystallized  out,  on  evaporating-  down  the  solution, 
in  lonp"  needles. 

Barium  Salt  of  Meta-sulphamine-benzoi c  acid.  -  The 
barium,  salt  of  the  acid  v.as  made  by  neutralizing  a  boilinr; 
solution  of  the  acid  by  means  of  pure  barium  carbonate. 
The  undeccm,posed  carbonate  v/as  filtered  off  and  t>i:e  solu- 


lion  evaporated  down.  Upon  standing,  srr.a3]  radiatinn;  nod- 
ules formed,  which  cor>-esponded  to  tne  " v;ave]  li t e"  charac- 
ter of  Limpricht  and  Uslar's  barium  salt. 

The  analysis  of  the  barium  salt  showed  its  composition 

to  be  P,a(C^,Ho\    "     )?  "^  ^^  ^"^^^  ■ 

J.    .3345  ":rarn  of  the  barium  salt,  dried  by  exposure 
to  the  air,  lost,  upon  bein<?  heated  to  1^0°,  .030'3  '^ram 
water. 

II.    .3022  rram  of  the  salt,  Piave  off  at  180°,  .0394 
f^rarii  of  v/ater. 

III.  .2039  frram  of  the  anhydrous  barium  salt,  f?:ave  upon 
Ignition  v/ith  sulphurxc  acid,  .0880  r^ram  of  barium  sulphate. 

IV.  .2G23  -'^ram  of  the  anhydrous  &alt,  n^ve  .1126  *?:ram 
of  barium  sulphate. 

Calculated.  Found. 

H^.^  13.10  13.05    -    13.03 

Ba       25.51  25.37  -  25.24 

The  dehydrated  salt  takes  up  water  very  rapidly, which 

makes  its  weiffhinfl;  difficult.   The  difference  in  results 

for  the  water  of  crystallization  of  this  and  Limpricht 
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and  Uslar's  determination  may  be  due  to  this,  and  also  to 
the  fact  that  tiieir  barium  saJt  was  dried  over  sulphuric 
acid,  and  was  heated  but  to  1]0'^. 

Silver  Salt.  -  The  silver  salt  was  made  by  boilinr  a 
solution  of  the  acid  with  silver  carbonate.   It  was  soluble 
to  a  sliciit  extent  in  boilin<>j,  and  insoluble  in  cold  water. 
From  l:ot  water  it  crystallized  out  in  lon»,  fine  needles, 
which  slowly  blackened  upon  exposure  to  tiie  lifl'ht.   It  con- 
tained no  water  of  crystallization,  and  analysis  showed  that 

,  COOApt 
it  corresponded  to  the  fornsula  C,  h^<r 

I.    .2256  Tram  of  the  salt  gave  .0779  sram  silver. 
II.    .2710  ^rani  of  the  salt  gave  .0945  ^ram  silver. 
Calculated.  Found. 

Ag      35.06  34.53  -  34.90 

Limpriciit  and  Uslar  ascribed  two  molecules  of  water  of 
crystallization  to  this  salt. 

On  the  whole,  if  we  except  the  water  of  crystallization 
of  thxC  silver  salt,  there  are  enouo-h  points  of  sii'ilarity 
between  the  salts  of  raeta-sulphamine-benzoic  acid  obtained 
by  the  oxidation  of  meta-toluene-sulrhon-ari:ide,  and  those 
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of  Limpriciit  and  Uslar's  compound,  to  indicate  the  identi- 
ty or  both  substances. 
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ON  rETA-TOLUFNE-SULPHOMIC  ACID. 


INTRODUCTION. 


The  action  or  sulphuric  acid  on  toluene  was  first  in- 
vestirated  by  Jaworsky,  who  described  one  toluene-sulphoni c 
acid  as  the  resulting  compound. 

2, 

In  18'j9,  Enn;elhardt  and  Latschinoff  heated  toluene  v/ith 
sulphuric  acid,  and  made  ttie  potassium  salt  of  the  result- 
in?^  acid.   This  crystallized  out  in  two  forms;  prisms  which 
were  difficultly  soluble,  and  needles  which  v/ere  more  easily 
soluble  in  water.   These  two  potassiur,  salts  were  fused 
with  .caustic  potash  and  p^ave  two  isomeric  cresols,  the  para 
and  ortho  compoiands. 

Barth',  workin/^  in  a  similar  manner,  obtained  by  fusin*^ 


3  Zeltschrift  fur  Chemie,  I  -  272.   ^ Ibid, 1869  -  617. 
'^Liebi'-'s  AnnaTen,  152  -  91. 
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the  crude  mixture  of  potassium  salts,  para-oxvbenzoi c  and 
salicylic  acids. 

Anna  Wolkov  confirmed  this  work,  but  ascribed  the  meta 
position  to  tiie  sulphon  "-roup  in  the  acid  which  passed 
over  into  salicylic  acid,  and  further,  made  two  sulphon- 
chlorides,  one  liquid  and  one  solid,  and  two  amides,  that 
from  the  a.  or  para  acid  meltin"-  at  137°,  a^d  that  from  the 

A   or,  as  It  was  then  called,  the  meta  acid  meltinr  at 
153'=-'154°.* 

Fitti*^  and  Ramsay,~  m  order  to  settle  definiteily  the 
position  of  the  sulphon  rroup  in  the  acid  which  Anna  V/olkow 
called  the  meta-io]uene-sulphonic  acid,  proceeded  as  fol- 
lov.'s:   They  treated  toluene  v/ith  sulphuric  acid,  made  the 
isomeric  potassium  salts,  and  separated  as  far  as  possible 
by  fractional  crystallization,  the  para  salt.   The  mother 
liquid,  which  contained  some  of  the  para  and  an  isomeric 
salt  which  was  either  ortho  or  meta,  was  then  evaporated  to 


Zeitschrift  fur  Chemie,  ]b70-3^1.  ^Liebi/^'s  Anna]  en,  lc38-242. 
■*  This  was  previous  to  v.j/eyer's  work  on  Uie   orientation 
of  the  iiydroxy  benzoic  acids. 
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dryness  and  thoroup:hly  mixed  v/ith  notassiun:  cyanide.   This 
mixture  v/as  distilled  in  an  iron  retort;  the  oily  liquid 
which  came  over  was  heated  with  caustic  potash  till  free 
from  ammonia.   After  washing  with  ether,  the  potassium  salt 
was  acidified  and  the  toluic  acid  extracted  with  ether. 
This  v/as  a  mixture  of  para-toluic  with  either  ortho*-  or 
meta-toluic  acid.   An  easy  method  of  separation  was  found 
by  treatin?^  the  calcium  salts  witii  alcoliol  in  which  the 
para  salt  was  not  soluble.   ^y  this  means  they  obtained,  not 
the  meta,  but  tiie  ortho-toluic  acid.   They  further  confirm- 
ed their  work  by  heating-  the  acid  thus  obtained  with  a  mix- 
ture of  potassium  bichromate  and  dilute  sulphuric  acid, and 
obtained  as  a  product  neither  isophthalic  nor  terephthalic 
acid,  which  showed  conclusively  t!;at  the  isomeric  acid 
formed  to<^ether  with  para-toluene-sulphonic  acid,  when  tol- 
uene is  treated  witii  sulphuric  acid  is  not  the  meta,  but 
the  para  compound. 

The  next  contribution  to  our  knowledfje  of  the  isomeric- 
toluene-sulpiionic  acids,  was  a  consequence  of  Hiibner  and 
Post's  vvork  on  bromo-tcluene  and  the  behavior  of  its  liydro- 


dro'^en  atoms. 

'?y  the  action  oi'  sulphuS-ic  acia  on  crystallized  bromo- 
toluene,  which  they  showed  to  be  a  para  compound,  tv;o  iso- 
meric bromo-tol aene-sulphonic  acids  were  obtained,  which 
they  desif^nated  as  the  ^  and  ^  para-brorr^o-toluene-sulphonic 
acids.   Tiie  6  acid  was  treated  with  sodium  amali^am  m  or- 
der to  remove  the  bromine  atom.,  and  the  toluene-sulphonic  . 
acid  thus  obtained,  waj  fused  with  potassium  hydroxide. 
Salicylic  acid  was    obtained,  which  was  evidence  that  tiie 
sulphon  o;>'oup  was  in  the  position  ortho  to  the  m.etiiyl  r^roup. 
It  was,  therefore,  by  exclusion,  concluded  that  the  oL  acid 
must  have  the  sulpiion  .^roup  in  the  nieta  position. 

F.  C.  ^.Kfull  er^made  the  barium  salt  of  oi'tho-brom-tol  u- 

I 

ene-3ulphonic  ;cid  and  treated  it  in  solution,  with  sodium 
amaleam  in  order  to  remove  the  bromine  atom  from  the  niole- 

cule.    The  excess  of  alkali  was  neutralised  with  sulphuric 

i 

acid,  the  sodium  sulphate  removed  by  evaporation  and  crystal 
ligation,  and  the  residue  dried.  The  dried  mass  was  treat- 
ed v/itri  phosphorus  pentachloride,  and  an  oily  toluene-sul- 
phon-chloride  v/as  obtained.   Tnis  was  heated  with  water  to 


130°,  and  the  result  inn-  acid  mixture  was  freed  f*"om  hydro- 
chloric acid  by  evaporation  and  the  passa^re  of  a  current  of 
air  throuo:h  it.   The  toluene-sulphonic  acid  was  obtained  as 
a  oyrup  which  stiffened  to  a  crystalline  condition.   Vari- 
ous salts  of  trie  acid  were  made,  some  of  which  will  be  de- 
scribed later  on.   The  amide  obtained  melted  at  90'=—  91°. 
Because  this  toluene  sulphonic  acid  differed  from  both  the 
ortho  and  para  acids,  J.'ullsr  considered  it  to  be  meta-tolu- 
ene-sulpnonic  acid. 

About  the  same  time,  F.Gervor  made  ortho-diazo-toluene- 
sulphonic  acid  by  subjectin*^  ortho-toluidine-sulphonic  acid 
to  tiie  action  of  nitrous  fames.   The  diazo  compound  was  de- 
composed in  alcohol  under  pressure.   The  sodium  salt  of  the 
sulprionic  acid  obtained  was  made,  and  '^ave,  upon  treat- 
ment v/ith  phosphorus  pentachloride,  a  fluid  sulphon-chlo- 
ride,  which  was  converted  by  the  action  of  ammonia  into  an 
amide  m.eltin^  at  148°,  and  differinp;  in  tnis  and  other 
properties,  from  the  ortho  and.  para  amides  previously  knov/n. 

In  1874,  PuCiiinann  obtained  a  qi^antity  of  pa>'a-tol  uidine- 

m.eta-sulphonic .  acid   by  heatinr;;   sulpnuric   acid  with  pat^a-tolv- 

1 


uidint:  ,  and  crystallizing'  out  the  para-toluidine-orthc-su] - 
phonic  and  the  di-sulphonic  acids  formed,  leaVinr^  the  para- 
toluidine-meta-sulphonic  acid,  on  account  of  its  pcreater 
solubility,  in  solution. 

Prom  this  solution  tlie  para-toluidine-meta-sulphonic 
acid  crystallized  out  in  sulphur-yellow  needles  which  could 
not  be  decolorized  by  repeated  boiling  with  animal  char- 
coal.  By  precipitation  from  its  salts,  however,  it  was  ob- 
tained colorless.   It  was  difficultly  soluble  in  cold  water, 
one  part  of  acid  requirinp:  ten  parts  of  water  fo*'  its  so- 
lution. 

The  diazo-*  lompound  was  made  by  suspending:  the  finely 
divided  acid  in  alcohol,  and  treating?;  it  with  nitrous  fumes. 
This  was  then  decomposed,  by  heatin^^  it  under  pressure  with 
alcohol. 

Various  salts  of  the  resulting;  sulphonic  acid  were 
made  which  showed  some  difference  from  that  of  Muller,  also 
an  amide  wViich  melted  somewhere  below  100°. 

In  1875,  Pafrel ,  working:  on  ortho-toluidine-sulphonic 

acid,  obtained  a  toluene  sulphonic  acid  wiiich  resembled 

•i  ■ 
Liebi,";'s  Annalen,  17a  -  297. 
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Miillar's  rr.ela  acid. 

A  mixture  of  alcoi:ol  iind  sulphuric  acid  was  neutral- 
ized with  lime,  and  the  calcium  -ethyl  sulyhate  was  decoir.- 
posed  by  the  addition  of  a  solution  of  the  ortho-tolaidine- 
salt  of  oxalic  acid.   By  filtration  and  c-^ystal  lizat  ion, 
crystals  of  ortho-toluidine-ethyl-sulphate  were  obtained, 
which  were  decomposed  into  alcohol  and  ortho-toluidine- 
sulphuric  acid  by  bein"'  heated  to  180'^^  '^.OO'^  in  an  air 
bath. 

The  ortho-toluidine-sulpiionic  acid  was  changed  into  the 
diazo  compound,  and  this  transformed  into  bromo-toluene- 
sulphonic  acid. 

By  proceedinf^  as  Wiiller  did,  a  toluono-sulphonic  acid 
was  obtained  which  accrued  tolerably  well  with  Muller's  nseta- 
toluene-sulphonic  acid,  if  we  except  the  melting-point  of 
the  amide,  whic;i  Pafel  found  to  be  104°. 

In  1877,  K.Beckurts,  seekinr^  for  a  method  by  which  to 
obtain  a  '^ood  yield  of  pure  ortno-toluene-sulpnoni  c  acid, 
heated  a  mixture  of  ordinary  sulphuric  acid  and  toluene  and 


made  the  potassium  salts  of  the  resultin'?:  sulpnonic  acids 
in  the  usual  manner.   By  treatment  witn  phosphorua  penta- 
chloride,  a  mixture  of  sulpnon-ciilorides  was  obtained,  from 
which  tiie  para-toluene-sulphon-chloride  crystallized  out, 
upon  coolins:  the  mixture  below  zero. 

The  remaining  liquid  sulpnon-chloride  was  transformed 
into  the  amide  compound,  which  was  purified  and  subjected 
to  fractional  crystallization.   Two  compounds  were  obtain- 
ed, one  difficultly  soluble  in  alcohol,  which  melted  at 
153°  -  154°,  the  other  easily  soluble  in  the  same  medium, 
and  riieltinf^  at  104°.   From  tiiis  work,  Reckurts  concluded 
that  the  action  of  sulphuric  acid  on  toluene,  resulted  in 
the  formation  of  the  three  isomeric  acids.   The  vyork  was 
pursued  further,  and  some  of  the  amide  heated  witn  hydro- 
chloric acid  in  a  sealed  tube  to  150°.   The  ammonia  salt  of 
the  acid  was  thus  obtained,  and  from  a  portion  of  this, 
tr^-atcd  with  barium  hydroxide,  tiie  i-'arium  salt.   From  a  coim 
parison  of  tnese  salts  with  the  ammonium  and  barium  salts 
obtained  by  yiiller,  Peckurts  asserted  that  they  were  salts 
of  m.eta-toluene-sulpnonic  acid. 
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Fall] berg,  workinf^  in  this  laboratory,  doubted  the 
fact  tiiat  Beckurts  had  obtained  meta-toluene-sulphonic  aci^ 
because,  tunuc^n   iiis  product  showed  differences  from  the 
ortho  and  para  compounds,  he  neglected  to  prove  its  consti- 
tution by  converting  it  into  an  oxybenzoic  acid.   Fahlberg 
repeated  Reckurts  work,  with  the  sole  exception  that  water, 
and  not  alcohol,  was  used  as  the  medium  for  fractional  crys- 
tallization. 

The  liquid  sulpnon-chloride,  from  which  no  more  solid 
para-sulphon-chloride  separated  out  when  cooled  to  IS'^below 
zero,  was  treated  with  aqueous  ammonia.   As  products  there 
ivere  obtained  oc  toluene-di-sulphon-amide,  meltinr:  at  106° — 
IbV^ ,  and  a  yellow  mixture  of  amides.   This  latter  he  sub- 
jected to  fractional  solution;  whereby  only  a  portion  dis- 
solved.  The  undissolved  amide  melted  at  Ibi"^' —  154^^,  and 
f^ave  upon  fusin'T  with  caustic  potash,  salicylic  acid. 
Therefore  it  was  ortho-toluene-sulphon-amide.   From  the 
soluble  portion  of  the  m.ixture,  two  compounds  were  obtained 
by  fractional  crystallization.   Tiiat  less  soluble,  on  puri- 


I 


-^American    Chemical    Journal, 1    -    170, — ^  Perichte,  XI  1  , -1U4S. 
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fication,  proved  also  lo  be  ortho-toluene-sulphon-andde. . 

From  the  solution  of  the  more  soluble  portion  an  amidG 
crystallized  out,  whicii  melted  at  1*5.0°,  but  repeated  purifi. 
cations  with  animal  charcoal  lowered  the  melting-point  to 
108^,  v/here  it  remained  constant.   A  quantity  of  the  amide 
whiciri  melted  at  108°  was  oxidized  by  means  of  potassium  per- 
manoranate,  and  three  products  were  obtained;  para-sulpha- 
inine-benzoic  acid,  anhydro-ortho-sulphamine-benzoi c  acid, 
and  acid  potassium-ortho-sulpho-benzoate;  which  were  the 
products  one  would  expect  to  result  from  the  oxidation  of  a 
mixture  of  para-and  ortho-toluene-sulpnon-amides. 

Further  evidence  that  Reckurt's'  amide,  despite  the  con- 
stancy of  Its  melt  in?;-point ,  vvas  a  mixture,  was  s^iven  by 
the  followinf;  experiments:   Equal  parts  of  pure  para  and 
ortho-toluene-sulphon-amides  were  dissolved  in  water  and 
the  mixture  subjected  to  crystallization.   Two  forms  of 
crystals  were  obtained:  lonr^    fine  needles  which  melted 
constantly  at  120^,  and  leaves  which  l\jsed  at  108°.   Sli"-ht 
impurities  lowered  the  melting-point  to  104"^  —  105*^,  as  in 
the  ease  of  Beckurts'  amide. 
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F.H,S.Mu]lcr,  in  lo79,  mentioned  the  forrr.ation  of  meta 
toluene-sulphonic  acid  by  the  action  of  sulphurous  acid  on 
the  correspondinr:  diazo  compounds;   but  beyond  the  meltinff- 
points  of  the  air.ide,  anilide  and  toluidide,  n;ave  no  details 
of  .-.is  work. 

0 

Clacsson  and  v/allin7  i'^  1879,  cnaimed  that  they  had 
obtained  meta-toluene-sulphonic  acid  by  the  action  of  ehlor- 
sulphonic  acid  on  toluene.   These  investigators  worked  with 
lar.';e  quantities  of  material  bringing  torrether,  in  small 
portions  at  a  tin:e,  2800  s;ram3  of  chlorsulphonic  acid  and 
1119  frrams  of  toluene. 

The  solid  para-sulphon-chloride  was  removed  by  coolin/^ 
the  mixture,  and  the  liquid  chlorides  converted  into  the 
amides.   Two  amides  were  separated  by  fractional  crystal- 
lization, the  ortho  compound  meltinfr  at  153*^ — 154°,  and  the 
other,  supposed  to  be  the  meta,  meltinp;  constantly  at  107'^- 
1013°.   This  latter  was  transformed  into  the  toluene  sul- 
phonic  acid  by  beinr  heated  with  water  in  a  sealed  tube  to 
IbO'^  ,  and  various  salts  were  made.   These  were  compared 
with  the  salts  made  by  J^uller,  and  also  with  the  analogous 


^^ericnte  XII  -  1348.  ^Ibid  XIT  -  1848. 
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salts  of  Lne  para  and  ortho  acids.   From  this,  despite  the 
fact  that  they  had  kno\vledf!:e  of  Fahlberr^'s  work,  Claesson 
and  V/allin  concluded  that  all  three  isomeric  acids  were 
formed  as  a  result  of  sulphuric  acid  on  toluene. 

The  next  step  in  the  controversy  was  taken  by  R.Otlo 
who,  at  tiie  request  of  Reckurts,  examined  carefully  the 
specimen  of  so-called  meta-toluene-sulphon-amide  which  the 
latter  had  obtained  tiiree  years  previously,  and  which  was 
claimed  by  Fahlbero;  to  be  a  mixture,  and  by  Claesson  and 
Wallin,  to  be  meta-toluene-sulphon-amide.   The  substance, 
wei^hin^  about  ten  p^rams,  was  heated  with  Viydrochlori  c  acid 
m  a  sealed  tube.   The  sulphonic  acid  formed  was  converted 
into  the  potassium  salt,  and  this  was  treated  with  phos- 
phorus pentaciiloride,  with  the  tformation  of  an  oil  which 
soon  stiffened  and  the  solid  portion  of  which  was  freed 
from  the  fluid  by  pressure.   This  latter  portion  dissolved 
in  benzene,  from  whicl-i  it  crystallized  out  in  layre   scales 
which  had  the  same  melt inp^-point  as  para-toluene-sulphon- 
chloride,  and  gave  a  corresponding^  amide  and  anilide.   This 
was  conclusive  evidence  that  meta-toluene-sulphonic  acid 


was  not  obtained  by  Reckurts. 

Neville  and  Winther,  in  1880,  inve3tifi:atinf!:  the  forma- 
mation  of  amido-sulphonic  acids  by  the  action  of  concen- 
trated sulphuric  acid,  obtained  a  toluene  sulphonic  acid 
by  heatin*^  ortho-diazo-toluene-sulphonic  acid  under  pres- 
sure with  alcohol,  and  by  reducing  brorno-toluene-o^tlio-sul- 
phonic  acid  by  means  of  sodium  amal.Tam.   Ry  treating  the 
potassium  salt  with  phosphorus  pentachloride,  they  obtain- 
ed a  liquid  sulphon-chloride  which  p:ave,  in  both  cases,  an 
amide  melting  at  10-3.5'^ —  107.5*^,  whence  they  co'^cluded 
that  the  acid  which  they  had  obtained  was  rnet  a- toluene -sul- 
phonic acid. 

In  1886,  Tallin,  convinced  by  the  work  of  Otto,  that 
Fah]fl:erp:'s  views  were  correct,  and  that  he  and  Klason  had 
not  obtained  meta-to3uene-sulpnonic  acid,  a^ain  attacked 
the  problem  of  obtaining;  the  compound.   Pechmann's  method 
was  followed;   an  acid  was  obtained,  and  a  series  of  salts 
ri,ade  and  described. 


The  work  of  K'etcalf  furnished  evidence  that  the  decom- 
position of  para-diazo-meta-toluene-sulphonic  acid  by  boil- 
in*:  vifith  alcohol  under  pressure,  resulted  in  the  formation 
of  para-ethoxy-meta-toluene-sulphonic  acid,  in  far  /^rreater 
proportion  than  rr.eta-toluene-sulphonic- acid  .   Conoequently, 
neither  by  Pechmann  nor  by  ^'aHin  had  the  acid  been  o-tained 


Preparation  of  lleta-Toluene-^ulphonic  Acid.  -  In  con- 
sideration of  all  this  dissentient  testimony  m  '"e«^ai"d  to 
meta- toluene-sulpiioni c  acid^  and  the  availibility  of  pure 
meta-toluene-sulphon  —amide  in  any  desired  quantity,,  it 
was  thouf^ht  desirable  to  transform  the  amide  into  the  acid 
and  study  its  properties.   Sealed  tabes  containing  25  n-rams 
of  tiie  pure  amide,  and  a  quantity  of  hydrochloric  acid  v;ere 
heated  to  140°  for  six  iiours.   Upon  coolin*^,  the  tubes  con- 
tained a  mass  of  clea*^  white  fern-shaped  crystals,  entirely 
different  in  form  from  the  amide  crystals  which  had  been 
inti"oduced  therein.   The  tubes  were  opened,  and  their  con- 
tents were  poured  upon  a  filter,  and  freed  from  liquid  by 
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suction.   The  crysta]3  were  dried  and  examined.   They 
proved  to  consist  entirely  of  anjnonium  chloride. 

The  fluid  portion  of  the  contents  of  the  tube  v/as  evap- 
orated dov/n,  on  a  water-hath,  v/ater  added_,  and  re^vaporated, 
and  this  process  repeated  unti]  the  greater  portion  of  tlie 
hydrocliloric  acid  was  rertioved.   It  vvas  then  boiled  with 
potassium  hydroxide  solution  until  no  further  evolution  of 
ammonia  #as  evident.   The  solution,  whicii  contained  the  po- 
tassium salt  of  li.eta-toluene-sulphonic  acid  and  some  potas- 
sium chloride,  was  then  evaporated  down  until  it  solidified 
in  a  mass  of  scales.   These  were  powdered  and  boiled  with 
alcoiiol  of  95^.   The  f^reater  portion  of  the  salt  dissolved^ 
and  separated  out  on  coolinpj,  into  a  mass  of  minute  scales 
whicli  nearly  filled  the  beaker.   From  the  mother-liquor 
more  were  o^-tained  by  evaporation.   The  undissolved  portion 
was  subjected  to  several  more  extractions  until  potassi^om 
meta-toluene-sulphonat e  no  longer  crystallized  out  of  the 
solution.   The  residue  was  then  examined  and  found  to  be 
potassium  chloride.   The  crystals  from  the  alcoholic  solu- 
tion were  collectea  on  a  filter  and  dried.   They  were  then 
powdered,  and  heated  in  an  air-bath  for  an  hour  to  130'^. 


GO 


Up(;n  coolinrr,  the  substance  was  rubbed  up  in  a  mortar  with 
an  equal  weifcht  of  phosphorus  pentachl  oride.   The  action 
v;as  immediate  and  brisk,  and  the  contents  of  the  mortar  be- 
caB.e  liquid;  but  the  decomposition  was  not  nearly  as  vio- 
lent as  wxien  the  potassium  salt  obtained  from  the  diazo  de- 
composition vvas  employed.   The  liquid  chloride  mixture  »va3 
poured  into  water,  and  thorou*;nly  stirred  up.   A  clear,  al- 
most colorless  oil  /gathered  on  the  bottom  of  tiie  vessel. 
Tiiis  was  washed  several  times  with  water,  and  then  placed 
in  a  test-tube  in  a  freezin«r-mixturt;.   It  did  not  solidify, 
liiiller  converted  the  sulphon-chloride,  which  he  obtained, 
into  the  corresponding-  acid  by  lieatin*;  it  with  water  in  a 
sealfid  tube.   He  stated  that  it  did  not  decompose  with 
water  until  it  was  heated  to  130°. 

About  5  cc.  of  the  sulphon-chloride  and  100  cc.  of 
water  v/ere  placed  in  a  flask  connected  with  an  inverted  con 
denser  and  boiled.   Considerable  bumpin<r  occurred,  a  small 
portion  of  tne  contents  of  the  flask  at  times  faming  out 
through  the  top  of  the  condenser.   In  about  an  hour  and  a 
iialf,  the  oily  liquid  iiad  entirely  disappeared.   The  solu- 
tion was  ti.en  poured  into  an  evaporatin/r  dish  and  boiled 
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until  it  attained  a  svrupy  consistency.   More  water  was 
added  and  it  was  arain  evaporated  down.   This  process  was 
repeated  until  the  solution  ^ave  no  indication  of  the  pres- 
ence of  Jiyurochloric  acid  wrhen  tested  with  silver  nitrate. 
All  efforts  to  obtain  the  meta-toluene-sulphonic  acid  in 
crystalline  condition,  were  unsuccessful.   After  it  had 
beconic  viscous,  further  heatinsr  on  a  water-batli  resulted  in 
^ivin/=^  it  a  dark,  almost  black  color.  Vade    clear  by  boil- 
ing with  animal  charcoal  and  filtration,  it  darkened  a^-ain 
when  kept  on  tiie  water-bath. 

Efforts  were  then  made  to  crystallize  it  by  evapora- 
tion under  diminished  pressure.   About  15  cc.  of  the  svrupy 
liquiG  was  placed  in  a  round-bottomed  flask,  wliich  was  con- 
nected to  a  filter-pump  and  kept  in  boilin*?:  water  for  over 
an  hour.   Some  water  distilled  over  in  tiie  bep;inning,  but 
ceased  cominp;  over  after  a  wliile.   On  eoolinf;,  the  con- 
tents of  the  flask  rem.ained  fluid.   Tiie  viscous  liquid  was 
tiicn  placed  in  a  test-tube  and  kept  in  a  freezinp--mixture 
for  half  an  hour,  and  thoup;h    its  tempe'^ature  was  lowered 
to — 16°,  it3  condition  did  not  chanrre. 

Miiller,  Pechmann,  Pap;el  and  Klason,  all  obtained,  by 
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cvaporatin'^  down  Liieir  acid  solutions,  a  syrup  which  stif- 
fened to  a  matss  of  deliquiscent  crystals. 

Barium  salt  of  nieta-toluene-sulphoni c  acid.  —  A  solu- 
tion of  the  acid  was  heated  to  boiling,  and  neutralized 
with  barium  carbonate.   The  solution  was  t  .en  filtered  and 
evaporated  down  to  a  snail  bulk.   Upon  coolin*?;,  the  barium 
salt  eryotallized  out  in  minute  scales.   Witn  favorable  eon 
ditions,  bunches  of  apparently  rectangular  plates,  about 
l/ti    CI  an  inch  lonrr,  were  obtainea.   It  is  very  soluble  in 
water,  insoluble  in  absolute  alcohol  and  ether;  soluble  in 
dilute  alcohol,  and  precipitated  from  its  solution  in  tne 
latter  by  the  addition  of  a  l&rp;e  quantity  of  ether. 

It  contains  one  molecule  of  water  of  crystallization. 

The  salt  ■  was  analyzed  v/ith  the  followin"^  results: 

For  water  of  crystallization: 

I.    .2702  fcram  of  the  salt  /^ave  off,  at  180°,  .0101 
irram  of  water, 

II.    .2*^,08  ^ram   of  the  salt  fljave  off,  at  180^,  .0080 
p:ram  of  water, 

For  barium: 
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III.         .270P.    gram  of   the    salt    ^ave    .l^oO    o-ram   of   harium 

sulphate. 

IV.    .2208  pram  of  the  salt  »ave  .1030  ^ram  of  hanurr: 

sulphate. 


Calculated  for  Ra(CgH,<^   "^  Jz^'^z.^^        yound 

N  o  ri  T 


CH. 

SO  '-^         '  I.       II 


:l 


H^O         3.62  ^3.73     3.62 

Ba        27.56  27.42    27.42 

The  barium  salt  nade  by  Muller  by  boilin^r  the  free 
acid  with  pure  barium  carbonate,  f^ave  off  two  molecules  of 
water  of  crystallization.   Neither  from  water  nor  from  al- 
cohol could  he  obtain  it,  m  a  distinctly  crystalline  con- 
dition. 

Lead  Salt. — Pure  lead  carbonate  was  decomposed  by 
boilinfr  with  a  small  quantity  of  the  dilute  acid.   The  solu- 
lution,  evaporated  do'vn  and  left  to  stand,  filled  up  with 
a  mass  of  crystals  consistin.T  of  srall  scales.   This  salt 
was  very  soluble  in  water,  and  slii^htly  soluble  in  strong 
alcohol.   The  addition  of  a  1  ar<«:e  quantity  of  ether  to  its 
dilute  alcoholic  solution  precipitated  the  lead  salt  in 
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scales.   The  analysis  of  the  salt  was  made  with  tlie  follow- 
ing resul ts : 
Ifor  water  of  cystalli zat ion: 

I.    .2460  p-rani  of  salt,  heated  \.o    1G0^\  ?rave  off  . 
.0078  n:rani  of  water, 

II.    .^394  p;ram  of  salt   n;ave  off  .0073  ''•ram  of  water. 
III.    .2212  f^ram  of  salt  '^ave  off  .0070  o;ram  of  water, 
■^or  lead: 

IV.    .2480  o;ram  of  the  anhydrous  salt,  p:ave  .1278  frrani 
of  lead  sulphate. 

Y.    .3538  !5:ram  of  the  salt  '^ave  .1813  r^ram  of  lead 
sulphate. 

IV.    .3781  ftrarn  of  the  salt  rrave    .19'^3  <Tram  of  lead 
sulphate. 
Calculated  for  Pb(Cg};,  <^      K  -|-  H^O       Found 

I.       II.       III. 
H^O  3.17  3.14  -   3.17  -     3.16 

Pb  3G.33  35.21  -  35.57  -    34.74 

In  describing  his  lead  salt,  Kluller  calls  attention  to 
the  fact  that  the  anhydrous  salt  absorbed  moisture  very 
rapidly,  and  raade  it  difficult  to  p-et  good  results  for  the 
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water  of  crystallization.   No  such  behavior  was  noticed  in 
the  case  of  the  lead  salt  here  described.   The  results  for 
ivaiur  of  crystallization  ap;reed  as  closely  as  possible  with 
the  theoretical,  and  no  difficulty  in  weifrhin^  v/as  experi- 
t;nced.   On  the  other  hand,  it  was  found  irripossible  to  .^et 
good  results  in  the  determination  of  lead.   Many  analyses 
v/ere  made,  the  three  given  above,  being  the  best  results 
obtained.   Ignition  of  the  salt,  alone,  or  v;hen  moistened 
v/ith  sulphuric  or  nitric  acid,  invariably  caused  some  re- 
duction.  Precipitation  in  alcoholic  solution,  as  lead  sul- 
phate, and  filtration  through  a  Hooch  crcicible,  gave  no 
better  results. 

Calcium  Salt.  -  The  calcium  salt  v/as  made  by  decom- 
posing finely  powdered  calcite  by  means  of  the  free  acid. 
It  was  extremely  soluble  in  water,  and  could  be  obtained  in 
crystalline  condition  only  by  evaporating  the  solution  al- 
most to  dryness,  when,  upon  cooling,  it  solidified  in  a 
mass  of  scales,  Vifhich  were  so  matted  together,  that  they 
could  not  be  obtained  in  a  dry  condition,  by  long  standin^^- 
in  the  air.   Upon  r.^ating  a  saturated  soliition  of  fhe  cal- 
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cium  salt,  a  slight  milky  precipitation  occurred,  which  dis- 
appeared on  stainding,  inuicatino;  its  n;reater  solubility  in 
cold  than  in  hot  >¥ater.   Analyses  were  made  of  a  specimen 
v/hich  had  been  dried  by  staodinr  over  sulphui-ic  acid. 

I.    .  39u9  ?Tram  of  the  calcium  salt,  heated  to  200^^, 
lest  .0343  ^ram  of  water. 

II.   .3196  gran,  of  the  calcium  salt,  neated  to  200"^, 
lost  .0270  fl:ram  of  water. 

III.    .39d9  gram  of  the  salt  Tave  .1330  gram  of  cal- 
cium sulphate. 

IV.    .319u  p:ram  of  the  salt  gave  .1051  gram  of  calcium 

sulphate. 

Ci-i  5 
Calculated  for  Ca(CgH4<^     X^-  2  H^O  .       Found. 

^  SO3 

I.        .II. 

Hp         8.61  8.59  -  -   8.44 

Ca         9.57  9.66   -    9.67 

Kiullcr  did  not  succeed  in  obtaining  the  calcium  salt 

of  his  toluene-sulphonic  acid  in  a  crystalline  condition 

from  its  solution  in  water, and  his  salts,  whether  obtained 

by  evaporating  the  water  solution  to  dryness  or  by  filtra- 


67 


lion  of  the  boiJinfi;  alcoholic  solution  throurrh  a  warmed 
filter,  continued  to  f^ive  off  water  when  heated  to  200°. 
The  salt,  the  analysis  of  which  is  o-iven  above,  was 
easily  obtained  in  crystalline  condition,  and  f;a\/e  off  all 
its  water  of  c^-ystallization  at  loO°-  ]90<^;  and  heated  to 
200^^,  It  beran  to  darken  in  color.   It  was  evidently  a 
different  compound  fron  that  of  J'.uller. 

Sodium  Salt  -  The  sodium  salt  was  made  by  exactly  pre- 
cipitating; the  barium  by  rrisans  of  sodium  sulphate,  from  a 
solution  of  the  barium  salt.   It  is  very  soluble  in  vvater, 
frorr  wnich  it  crystallizes  out  in  lar^e  scales  wnen  the  so- 
lution is  evaporated  down. 
Its  analysis  resulted  as  follows: 
For  water  of  crystallization: 

I.    .1641  x^rani  of  salt  lost,  upon  heatin/r  to  150°, 
.0139  p-rnTn   of  water. 

II.    .2030  ffram  of  salt  ?^ave  off  .0175  Tram,  of  water. 
For  sodium: 

III.    .1502  niram  of  the  salt  c^ave  .0549  p:ram,  of  sodium 
sulphate. 
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IV.    .1885  f^ram  of  the  salt  p;ave  .0683  ffran  of  sodium 
sulphate. 

Calculated  for  HaC^  H^  <^    -V  H^O  Found. 

^  I.       II. 

H^O         8.49  8.47  -   8.49 

Na         10.85  10.91  -  10.73 

The  socliurr.  salt  obtained  by  I'uller  did  not  crystallize 

well  from  water,  and  contained  but  one  half  a  molecule  of 
water  of  crystallization. 

Potassium  Salt.  -  The  potassium  sa]t  was  made,  as  was 
the  sodium,  by  the  exact  precipitation  of  a  solution  of  the 
barium  salt.   This  salt  crystallized  in  thin  scales,  and 
was  easily  soluble  in  water,  sparinf^ly  so  in  stronr  a]cohol. 
It  dissolved  to  a  f^reat  extent  in  hot,  ordinary  alcohol, 
from  which  it  separated  out  in  small  scales.   Addition  of 
ether  to  the  alcoholic  mother-liquor  caused  a  copious  pre- 
cipitation. 

The  following  are  the  results  of  its  analysis: 
I.    .2146  gram  of  the  salt,  heated  to  180'^,  cave  off 
.0096  o-ram  of  water. 
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II.         .1980    p;ram  of   ttie    sa]t,    prave   off    .0089    f^ram   of 
water. 

III.         .P.146    frram   of   the    salt    rave    .0844   rfvam  of  potas- 
sium sulphate. 

IV.         .1980    rrram  of   the    salt    ^ave    .0773   ffram   of  potas- 
sium  sulphate. 

Calculated    for   K   CgHx<^  -\- ^    H^O.  Foiind. 


SO5 


I.  II. 


H^O         4.11  4.47      4.49 

K  17.75  17.63     17.50 

This  potassium  salt  a,^rees  with  that  of  Wu'ller  in  solubil- 
ity and  water  of  crystallization. 

Silver  Salt  -  Pure  silver  carbonate,  obtained  by  pre- 
cipitating a  solution  of  silver  nitrate  by  means  of  sodium 
carbonate,  was  decomposed  in  a  boilin-^  solution  of  the  acid. 
Upon  filtering  and  evaporating^  down  to  a  small  volume, 
bunches  of  rectangular  plati--s  were  obtained,  which  showed 
a  micaceous  cleavan-e  on  breakinfr  apart.   These  were  easily 
soluble  in  water,  and  to  a  much  lesser  extent  in  alcohol. 
From  their  solution  in  ti:e  latter,  theywere  precipitated  by 
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the   addition   of    ether.      They    contained   no    water   of   crystal- 
lization,   and   blackened   on  beinf^   exposed   to   the    lif^ht. 
Analyzed: 

I.         .?061    ffram   of   the    salt    rrave    .0080    "-ran:   of   silver. 
II.         .9,640    rrratn  of   the   salt    rrave    .109.3   ^^ram   of   silver. 

Calculated   for   C^  11^  <  Found. 

SOgAg 

I.        II. 
AfT        38.71  38.81      38.75 

Maainesium  Salt.  -  The  magnesium  salt  was  made  by  boil- 
inp;  pure  magnesium  carbonate  in  a  solution  of  the  acid. 
After  neutralizing^  the  acid,  the  solution  was  filtered  and 
reduced  in  volume  by  evaporation.   On  standinpc,  the  salt 
crystallized  out  in  beautiful  ] onT  transparent  thick  prisms 
which  lost  water  rapidly  in  the  air.   Their  crystalline 
structure  appeared  to  be  orthorhombic  and  hemihedral.   The 
ma^^nesium  salt  is  slightly  soluble  in  alcohol,  from  v/hich 
it  is  precipitated  by  ether,  in  minute  plates.   The  property 
of  rapidly  losinn;  water  of  crystallization  when  exposed  to 
the  air,  was  not  noticed  in  any  of  the  other  salts  of  meta- 
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toiluene-sulnhonic   acid. 

Subjected  to  analysis  it  yielded  the  following  results: 
For  water  of  crystallization. 

I,    .2050  t^ram  of  tiie  salt  lost,  when  heated  to  1^0°, 
.0G44  gram  of  water. 

II.    .2166  gram  of  the  salt  f-ave  off,  at  the  same  tem- 
perature, .0691  arrarr.  of  water. 

CH, 
SO. 


Calculated   for  Mr:(C^H^<'  ),  -f-    ^^  ^•5^-      Pound. 


I.  II. 

lUO  32.05  31.45  31.90 

For  magnesium: 

I.    .2636  gram  of  the  anhydrous  salt  gave  .0865  gram- 
of  magnesium  sulphate. 

II.    .2797  gram  of  the  anhydrous  salt  gave  .0896  gram 
of  magnesii-im  sulphate. 

Calculated  for  Mg(CgH^<r     )^  Found. 

I .         II. 
Mg        6.56  6.55       5.40 

Siangan ese  Salt.  -  A  soliitic^  of  the  barium  salt  was 
treated  to  exact  precipitation  with  man^ranous  sulphate. 


72 


Upon  reducing  the  solution  to  a  small  bulk  and  coolin*^,  the 
manganese  salt  crystallized  out  in  lonT  prisms,  which  were 
easily  soluble  in  water,  and  to  a  slight  extent  in  alcohol. 
From  the  alcoholic  solution  they  were  precipitated  m  the 
form  of  bunches  of  small  needles. 
'    The  followinp- are  the  results  of  the   analyses: 

I.    .2150  gram  of  the  salt  gave  off,  when  heated  to 
200'^,  .0461  gram  of  water. 

II.    .2708  gram  of  the  salt  gave  off  .0588  gram  of 
water. 

III.    .2150  gram  of  the  anliydrous  salt  gave  .03E'3  ^ram 
of  manganous  ri.anganic  oxide.. 

IV.    .1j89  gram  of  the  salt  gave  .0326  gram  of  man- 
rranous  manganic  oxide. 

Calculated  for  Xm(CglL<('     /^H"^^  '^^^    Found. 


SOj 


I.        II. 


H^O        21. o9  21.44     21. o7 

Vn  10.89  10.92     10.93 


Zinc  Salt.  -  The  zinc  salt  was  made  by  treatinrr  a  boil- 
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ing  solution  of  the  acid  with  pure  zinc  carbonate.   Aftur 
filtering?  and  evaporating^  down  the  solution,  lonf^  slender 
prisms  were  deposited.   They  were  soluble  in  water  and  al- 
cohol, and  were  precipitated  frorr.  the  alcoholic  solution 
in  minute  scales  upon  the  addition  of  ether.   The  salt  was 
very  stable,  and  the  crystals  retained  their  lustre  after 
Ion*?;  exposure  to  the  air.   It  was  analyzed  for  zinc,  by 
''  precipitating  it  as  carbonate  and  iirnitinp;  the  latter. 

J.    .  35'77  gram  of  the  salt,  lost  upon  beinp;  heated 
to  180^,  .069  5  f^ram  of  water. 

II.    .3106  gram  of  the  salt  lost,  upon  beinf^  heated  to 
180°,  .0638  frrarr.  of  water. 

III.    .3377  gram  of  the  salt  gave  .0527  gram  of  zinc 
oxide. 

IV.    .3106  gram  of  the  salt  gave  .0482  gram  of  zinc 
oxide. 


Calculated  for  Zn(CQH,<^     /o  +  ^  H^O     Found. 

I.      II. 
HoO        20.97  20.58    20.54 

Zn        12.62  12.5]    12.52 
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Copper  Salt.  -  The  copper  salt  was  obtained  hy   precip- 
itatinp-  bariuni  sulphate  frorr.  a  solution  of  the  barium  salt 
by  means  of  copper  sulphate.   Upon  evaporating  the  solution 
nearly  to  dryness  and  coolino^,  a  mass  of  litiit  blue  scales 
was   obtained.   The  copper  salt  was  very  soluble  in  water 
and  ordinary  alcohol,  very  sli/^htly  soluble  in  absolute 
alcoiiol ,  and  insoluble  in  ether.   The  addition  of  ether  to 
an  alcoholic  solution  of  the  salt,  caused  its  precipitation 
in  minute,  almost  white,  scales.   No  very  satisfactory  de- 
termination of  water  of  crystallization  of  the  coppe^  salt 
could  be  obtained. 

On  heatine;  .299Fi  gram  of  the  salt  to  constant  wei<yht 
in  an  air-bath  at  170^*,  it  was  found  to  have  lost  .0450 
gram  of  water,  or  15.02  %,      The  theoretical  percentage  of 
water,  assuming  the  salt  to  contain  four  molecules  of  water 
of  crystallization,  is  15.03.   Tlie  determination  of  the  wa- 
ter of  crystallization  of  different  specimens  obtained  by 
precipitating  the  salt  from  its  alcoholic  solution  by  means 
of  ether,  wliich  varied  in  color  from  almost  wnite  to  light 
blue,  gave  no  concordant  results. 

The  copper  was  determined  in  the  anhydrous  salt  by  the 
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,.  c]  cct.ro]  yt  i  c   rnothod. 

I.         .'5.545   f^ram  of   tlie    anliydrous    salt    gave    ,0401    pram 
of   copper. 

II.         .3725   ^ram  of   tine   salt    ffave    .0565   grarri  of   copper. 

Calculated    for    Cu(C-H,\  )„  Found. 

^  I.  II. 

Cu  15.55  15.70  3  5.70 

Meta-toluene-sulphon-anilide.  -  This  substance  was 
made  by  brinp;inr  toi^ether  some  meta-toluene-sulphon-chloride 
and  a  sli/rnt  excess  of  aniline.   The  action  was  extrernely 
rapid.   The  flask  became  very  hot  and  its  contents  solidi- 
fied in  a  crystalline  mass.   The  contents  of  the  flask  were 
then  boiled  with  dilute  hydrociiloric  acid,  in  o  -der  to  re- 
move any  unacted  upon  aniline,  and  the  anilide  was  then 
crystallized  from  ether,  in  which  it  was  very  soluble.   A 
yield  of  small  prismatic  crystals  was  obtained.   The  ani- 
lide was  insoluble  in  cold  water  and  dissolved  only  to  a 
very  slight  extent  in  boilin£^  water.   It  was  extrerr.ely  sol- 
uble in  alcohol,  from  which  it  crystallized  out  in  larc-e 
monoclinic  prisms.   It  melted  sharply  at  93*^. 


76 


Muller  and  Wiesinn'or  mention  a  meta-toluene-su]phon- 
anilicie,  whifcn  melted  at  19° .      They  obtained  the  rreta  acid 
by  treatinn;  the  diazo  corr.pound  with  sulphurous  acid. 

Heta-toluene-sulphon-toluide. — -The  ortho-and  para 
toluides  of  nieta  toluene  sulphonic  acid  were  made  by  brinr^- 
inff  together  meta-toluene-sulphon-chnoride  and  the  p^'oper 
toluidine,  the  latter  in  slight  excess.   The  reaction  was 
very  rapid  and  violent,  part  of  the  contents  of  the  flask 
vol  at  il  izin^T.   The  excess  of  toluidine  v/as  removed  by 
warmmn:  the  mixture  with  dilute  iiydroCi;lori  c  acid,  and  wa^h- 
injs-  several  times  with  v/arm  v/ater.   Both  toluides  are  well- 
crystall  i -ied  compounds,  insoluble  in  water,  but  very  sol- 
uble in  ether,  alcohol  and  benzene. 

The  meta-toluene-sulphon-ortho-toluide  crystallized  in 
prisms  and  thick  plates,  and  melted  at  lOS'*. 

The  rr.eta-toluene-sulpiion-para-toluide  crystallized  in 
sn.all  prisir:s  and  melted  at  10r3^.  The  toluide  mentioned  by 
tiuller   and   Wiesinf^er,    melted   at    103';' 


J  2 

Berichte   XII    -    i:54a.  Ibid   XI  f    -    1348. 


77 


CONCLUSION. 

fr-om  the  experiments  detailed  in  the  first  part  of  this 
work,  we  may  conclude  that: 

1.  When  para-diazo-r".eta-toluene-sulphonic  acid  is  de- 
composed in  alcohol  in  the  presence  of  an  excess  of  some 
alkalies  and  zinc  duot,  only  the  hydrogen  reaction  takes 
place. 

2.  When  the  decomposition  takes  place  in  alconol  sat- 
urated with  ammonia,  the  ammonium  salt  of  para-toluidine- 
meta-sulpnonic  acid  is  formed. 

3.  The  nature  of  the  alcohol,  is  re^rards  methyl  and 
•ithy]  alcohol,  nas  no  influence  on  the  reaction. 

4.  If  we  except  the  case  of  decomposition  i'-'  the  pres- 
ence of  calcium  carbonate,  countenance  is  rriven  to  tiie  sup;- 

j  gestion  that  the  neutralization  of  free  acid  by  Ihe  presence 

i 
of  soiT.e  substance  whicn  can  combine  with  it,  determines 
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the  l:iydror'en  reaction. 

But  why  calcium  carbonate  does  not  effect  this  pur- 
pose, whicii,  on  the  otlier  liand,  is  easily  accomplished  by 
zinc  dust,  has  yet  to  be  determined. 

?rom  the  study  of  meta-toluene-sulpnonic  acid  and  its 
salts,  we  may  conclude  that  the  compounds  obtained  by 
Ifiiller  and  others  who  employed  analogous  methods  for  ob- 
taining them,  were  impure  products. 

This  follows  especially  from  a  comparison  of  the  prop- 
erties of  tiie  amide,  and  from  the  fact  that  the  sulpiion- 
chloride  suffers  decomposition  into  the  acid  when  boiled 
with  water  in  an  open  vessel,  while  the  sulpnon-chloride  of 
}/;uller  did  not  decompose  until  heated  to  150'^    in  a  sealed 
tube  • 

No  detailed  comparison  of  the  salts  of  meta-toiuene- 
sulphonic  acid  herein  described,  with  those  made  by  other 
methods  than  those  of  }.'uller  was  made,  for  previous  work  in 
this  laboratory,  by  Fahlber^:  and  fietcalf,  showed  conclusive- 
ly that  they  were  not  true  met  a  compounds. 

The  temperatures  p;iven  in  the  forercoin/r  v/ork  are  all 
uncorrected. 
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The  analyses  were  calculated  on  the  basis  of  the  fol 


lowinn;  atomic  weir^hts 


H 


16 


]? 


N 

14 

Ap 

103 

Lfr 

9A 

Zn 

65 

32 


Na 

K 

Ca 

Ba 

Cu 

Mn 

Pb 


39 

40 

137 

63 

'507 


Johns  Iiopkins  University,  Baltimore,  Md .  ,  May,  1895. 
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